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A.  Medvedev,  V.  Hatulev,  Khrunichev  GKNPTs,  Russia 
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Khrunichev  GKNPTs,  Russia 
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Structural  Layout-Operations  Organization 
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A.  Utkin,  KBSM,  Russia 
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1.17  Small  Spacecraft  with  Electrical  Thrusters  Design  Parameters 
Selection  Launch  by  Light  Launch  Vehicles 
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Russia 


OcHOBHbie  HanpaBjientra  pa3BHXHH  MajioH  KocMHnecKOH  xexHHKH 

B  POCCHH 

IO.H.  KonxcB,  PKA,  B.cD.  Ytkhh,  H.A.  Ah(J)hmob,  IJHHHMain 

KocMiraecKaa  AeaTeAbHocxb,  Hanaxaa  b  Hamen  cTpaHe  41  toa  Hasa/t 
3anycKOM  nepBoro  HcicyccxBeHHoro  cnyxHHKa  3eMJiH  -  Majioro 
KocMHHecKoro  annapaTa  Maccoft  80  kt,  nojiyxHJia  AaAbHeHinee  umpoKoe 
pa3BHTne  h  b  HacToamee  BpeMH  HBjraexca  o6menpH3HaHHbiM  a^xJieKTHBHbiM 
cpeacTBOM  pemeHHa  xai3HeHH0-BaacHbix  npoSaeM  nejioBenecxBa. 

FnoSajibHaa  no  xapaicrepy  npUMeiieiiHa  ko c mh'i e cxaa  TexHHKa,  He 
3aMbiKa.acb  b  paMKax  Hau,HOHajibHbix  rpaHHH  peniaeT  Ha  npHHAHnnajibHO 
hobom  ypoBHe  3aaanH  cbbbh,  HaBHran;HH,  HaGjiioAeHKK  3eMjra  h  KocMoca, 
npHpoaonojib30BaHna,  aKOjioranecKoro  KompojM,  HHt|)opManMOHHoro 
oSecneneiina  h  MHorne  Apyrne. 

Ha  pyGexce  noBoro  xbicanejieTHH  KocMimecKaa  /leaTejibiiocTb  b  Pocchh 
pa3BHBaexca  no  cjieAyiomHM  KpynHbiM  HanpaBjieHHHM: 

♦  CBH3b,  TeaeBemaHHe  h  HaBHranna 

♦  ilHCTaHHPioHHoe  30HAHp0BaHHe  3eMJiH,  MeTeonaOaiOAeiiHe  h 
KOCMHHeCKHH  MOHHTOpHHr 

♦  KoMMepnecKaa  AeaTeAbHocTb,  b  t.m.  ycjiyrn  no  BbiBeAemno 
3apy6exaHbix  KA  pa3jiHHHoro  Ha3HaneHna 

♦  Co3AaHne  Hava  ho -xex[  ranee  koto  h  TexHOjiormiecKoro  3aAejia  jum 
nepcneKTHBHoii  kocmhhcckoh  TexHHKH 

KocMnnecKaa  AeaxejibHocxb  Pocchh  ocymecxBjiaexca  b  cooTBeTCTBHH  c 
OeAepajibHoil  KOCMHnecKOH  nporpaMMOH  Ha  nepHOA  ao  2000  h  200 5rr  b 
paMKax  BbiAejieHHbix  rocOioAXceTHbix  cpeAcxB  3a  cnex  npHBJieneHHa 
poccHHCKoro  h  3apy6e:»CHoro  nacxHoro  (HerocyAapcTBeHHoro)  KanHTajia. 

npHHSTbie  b  nocjieAHHe  toam  TIpe3HAeHXOM  h  IIpaBHxejibcxBOM 
Pocchhckoh  OeAepaiUHH  peuieHHa  co3AajiH  ycjioBHa  aas  pa3BHxna 
MejKAybiapoAHoro  coxpyAHHnecxBa,  BbixoAa  cxpaHbi  Ha  mhpoboh 
KOCMHXeCKHH  pbIHOK.  K  HaCXOHIIieMy  BpeMeilH  3aKJIIOHeHbI 
MexorocyAapcxBeHHbie  h  MeiKnpaBHxejibcxBeHHbie  CorjiaineHHa  o 
coxpyAHHnecxBe  b  oGjiacxn  KocMHaecKon  AeaxejibHocxH  c  15  cxpaHaMH,  b 
xom  HHcae  c  CIHA,  Hnonnen,  KnxaeM,  Hhahch,  Eojirapnen,  Epa3HjraeH, 
ApreHTHHOH,  cxpaHaMH,  bxoahuihmh  b  EBponencKoe  KOCMnaecKoe 
areHxcxBO  (EKA).  PKA  noAnncaHbi  xaioxe  corjiameHHH  c  KocMHnecKHMH 
areHxcxBaMH  14  cxpaH  h  EKA. 

K  ocHOBHMM  MejKAyHapoAHbiM  KocMHnecKHM  nporpaMMaM  c  ynacxneM 
Pocchh  oxhochxch: 

HCCAeAOBaHHA,  3KcnepHMeiiTbi,  3KcneAHn,HH  Ha  CXaHHHK)  “MHp”  h 
npoexx  co3AaHHa  MextAympoAHOH  KocMHnecKon  cxaHijHH; 

BbinojiHeHHe  HaynHbix  pa6ox  no  nporpaMMaM  “CneKTp” 
(acxpo4>H3HnecKHe  hccji  e  AOBanna  b  paajnnmbix  AHana30Hax 

ajieKXpoMaraHXHoro  cneKxpa),  “AYOC-CM”  (Ha6jnoAeHHe  Cojinna  c 
opOnxbi  HCKyccxBeHHoro  cnyxHHKa  3eMJiH),  “nporao3-M2”  (H3yneHHe 
COJIHeHHOH  BKXHBHOCXH ,  nponeCCOB  B  3eMHOH  aXMOCfJjepe,  COJTHenHO- 


K).  KonxeB  h  Ap. 


3eMHbix  cBH3eii),  “Tpanax”  (npoBeaeraie  acxpo(|)H3HqecKHX  HccjieflOBaHHii  b 
pasjiH^iHLix  ^Hana30Hax  sjieKTpoMarHHTHoro  cneKxpa),  Bhoh 
(npOBe/ieHHe  Me,0(HHHHCKHX  HCCJieflOBaHHH),  “OoTOH”  (npOH3BO#CXBO 
MaTepnajioB  b  KocMmecKHX  ycjiOBHHx),  “Mexeop” 

(ruapoMeTeopojiorEFiecKoe  oOecneneHne) ; 

BbiBejieimc  pocchhckhmh  paKeTaMH-HOCHTCJiBMH  3apy6excHwx 
nOJie3HbIX  Harpy30K  (KOCMHHeCKMX  o6b6KTOB).  OcHOBHbIMH  H3BeCTHbIMH  B 
MHpe  HBJIHIOXCH  OTeHeCTBeHHbie  PH  “npOTOH  H  Cok>3  . 

MexmytiapoflHoe  coxpyziHHH  e  cxbo  b  oOjiacxn  KocMoca  -  3TO 
oSbeKTHBHaa  peajibHOCTb  b  nocxynaxejibHOM  pa3BHXHH  u,m BHJIH33HHH  h 
HanpaBJieHO  b  nepByio  o'icpejib  Ha  coxpaHeHHe  5KH3HH  Ha  3eMJie.  flaa 
POCCHH  B  yCJIOBHHX  COKpaiU.eHHH  SlOAXCeTHOrO  (JlHHaHCHpOBaHHH  Ha 
KocMHBecKyto  AeHT6JibH0CTb  oho  HBJinexcH  emc  o^hhm  H3  nyreH 
coxpaHeHHH  KOCMHHecKoro  noTeHHHajia. 

CoBpeMeHHbin  MMpoBOH  pbiHOK  KOCMHHecKOH  npo#yKii,HH  h  ycjiyr 
BKJHOHaeT:  KOMMepqeCKHC  CHCTeMbI  CrryTHHKOBOH  CBH3H  (75%), 

HaBHraHHOHHbie  cHcxeMbT  (15%),  KOMMepnecKoe  HcnojibxoBaiiHe  cpejpcxB 
BblBCZieHHB  (7%),  ffHCTaHHHOHHOe  30HflHpOBaHH6  3eMJIH  B  KOMMepHeCKHX 
iiejiHX  (2%),  jrpyrHe  cocxaBJiHiomHe  pbiHKa  (1%)^  ■  KOMMepnecKoe 
Hcnojib30BaHHe  HHJioTHpyeMbix  nojieTOB,  npojpaxca  sjieMeHxoB  PKT  (fly, 
cnenannapaxypbi,  nojiyneHHe  MaTepHajioB  h  6ho np cnapaTOB  b  ycjiOBHHx 
KOCMHliecKoro  npocxpaHcxBa).  3tox  pbiHOK  b  BjiHXcaHineH  nepcneKTHBe 
6yaeT  ^HHaMBraecKH  pa3BHBaxbcn  h  b  6jncKaiffliee  flecHXHJiexne  oBiiihh 
o6beM  npoziaxc  KA,  aanycKOB  PH  no  hx  BbiBenemno  h  ycjiyr  b  oOjiacxH 
KOCMlHieCKOH  CBH3H,  fl33  H  HaBHraHHH  Ha  MHpOBOM  KOCMHBieCKOM  pbIHKe 
cocTaBHT  Gojiee  100  Mjipfl.floJiJi. 

Pocchh  pacnojiaraex  peajTbHbiM  kocmbbcckhm  noxeHHHajioM, 
npOBOflHT  HCCJienOBaHHB  H  paOoTbl  no  BCeM  HanpaBJieHHBM  KOCMOHaBTHKH, 
HMeeT  3flecb  H3BecTHbie  pe3yjibxaxbi,  roxoBa  k  B3aHMOBbiroflHOMy 
coxpyziHHBecxBy  c  jipyrMMH  rocyzpapcxBaMH  b  kocmhhcckoh  oGjiacxn 
jpeHxejibHocxM  n  3aHHxepecoBaHa  b  HeM. 

CxpyKxypa  KocMHHecKOH  npojiyKHHM  h  ycjiyr  Pocchh  oxjiHHaexcn  ox 
cxpyKxypbi  MHpoBoro  pbiHKa  h  BKjnonaex  (nporao3  Ha  2000r):  cpejicxBa 
BbiBejpeHHH  -  60%,  ajieMCHXbi  PKT  -  10%,  HaBnranHOHHyio  annapaxypy  - 
10%,  cncxeMbi  CBH3H  -  9.5%,  nHJioxnpyeMyio  nporpaMMy  -  8%,  /xariHbie 
fl33?  -  2.5%.  B03MOXCHOCXH  Pocchh  k  2000  rojiy  cocxaBHX  25-30%  ox 
MHpoBoro  pbiHKa  aanycKOB.  fljin  hx  peajiH3anHH  b  nepByio  oaepenb 
HeofixojpHMa  MOflepHH3anH5i  PH  “C0103”  h  “npoxoH”.  B  peineHHe  sxoh 
3a/panH  onpeflejieHHbm  BKJiafl  OKaxcex  co3jiaHHe  Ha  6a3e  MBP  KOMnjieKCOB 
paKex-HocHxejien  (npoeKXbi  “Pokox”,  “flHenp”  h  np-)-  TojibKo  b  bxom 
caynae  cxaHex  peajibHocxbio  nojiynemie  3aKa30B  Ha  BbiBeaenne  nojie3Hbix 
Harpy30K,  oxBeqaionnix  sxoh  jioae  MHpoBoro  pbiHKa.  Hacxajio  BpeMH 
npHBecxH  poccHHCKyio  cxpyKiypy  KocMiraecKOH  npoayKiiHH  b  6ojibinee 
cooxBexcxBHe  c  oSmeMHpoBOH  cxpyKxypoH. 

Pocchh  nponojDKaex  h  pa3BHBaex  B3aHMOBbiroflHoe  coxpyzmnqecxBO  c 
YKpaHHOH,  BejiopyccneH,  Y36eKHcxaHOM  no  ocBoeHHio  KocMoca,  hxo 
no3BOjwex  coxpaunxb  ocnoBy  paKexHO-KOCMimecKOH  npoMbiniJieHHocxH. 


BMecTe  c  tcm  3a  nocaeanee  aecjrxnaeTHe  bo  BceM  MHpe  nponBnancb 
TeH^eHUHR  nepexoaa  ox  ncnoabaoBaHna  TiDKeaon  h  aoporon  TpaanipioHHOH 
MHOro4>yHKPHOHa.(IbHOH  KOCMHqeCKOH  TeXHHKM  K  HCn0JIb30BaHH10 
MajioMaccoraSapHTHOH  kocmhmcckoh  T6Xhhkh  (TaM,  roe  sto 
npHHRKnHajibno  bo3mo>kiio),  co3flaBaeMoft  Ha  6a3e  nocaeannx  aocTnaceHnn 
B  oSjiaCTH  MHKpOMHHHaTK)pH3ai],HH  BCeX  SopTOBbIX  CJiyX(e6HbIX  CHCTeM  H 
neaeBon  annapaTypbi  noae3Hbxx  Harpy^ox.  Eaaroaapa  otoh  TeHaeHunn 
cTOHMOCTb  ycjiyr  kocmhrcckoh  tcxhhkh  cHnacaeTcn  Ha  20-30%%  b  roa, 
cpoKH  cosaanna  HOBoro  noKoaeroia  KocMiBiecKHX  annapaTOB  yMeiibinaioTca 
c  8-10  jieT  ao  2-3  aeT,  3aTpaTbi  Ha  co3aaHHe  hoboh  KocMHnecKon  TexHHKH 
ObicTpo  OKyriaroxca. 

B  Pocchh  caojKHBiHHeca  HanpaBaeHna  KocMnaecKon  aenTeabHOCTH 
coxpaHJi-'Tca  h  nocae  2000r,  oaHaKo  nyra  TexHM'iecKon  peaaH3annH, 
Hapaay  c  TpaanujioHHbiMH  Bee  b  Goabinen  cTeneHH  6yayr  SaxnpoBaTbca  Ha 
HOBbix  iiporpeccHBHbix  peuieHHjrx,  BKfHoaaa  pa3pa6oTKy  hobmx  Maabix 
KOCMHaecKHX  annapaTOB,  aerKnx  paKeT-HOCHaeaen,  yHHfJiniiHpoBaHHbix 
Maawx  KocMirnecKHX  naaTcJiopM,  npnroaHbix  juw  ncnoab30BaHHa  b  cocTaBe 
innpoKoro  cneKTpa  cpeacTB  ,  BbiBeaemm,  pa3pa6oTKy  cncTeM 
ncKyccTBeHHoro  HHTeajieK'ra,  co3aaHne  MeaoiaaHeTHbix  cTannnn  n  ap- 

HanOoaee  aoxoaHWMH  ciJiepaMH  aeaTeabHocTH  poccnncKon 
KOCMOHaBTHKH  Ha  OaroKanmee  aecaraaeTHe  RBaaioTca  pa3BHTne 
cnyTHHKOBon  CBR3H  h  HaBHramiH  (ocoOeHHO  -  aaa  yaaaemibix  panoxioB  n 
xpaHcnopTa),  KocMimecKHX  cncTeM  /J33  (KapTorpacfinpoBaHne, 
nccaeaoBaHne  npnpoaHbix  pecypcoB,  MeTeooSecneneHne,  SKoaornnecKHH 
MOHHTopHHr,  npHpoaonoab30BaHHe,  npeaynpex<aeHHe  o  npnpoaHbix  n 
TexHoreHHbix  OeacTBnax  n  KaTacTpocfiax).  Mmchho  b  sthx  ccfiepax  Beaymaa 
poab  npHHaaaeacHT  Maaon  KOCMnaecKon  TexHHKe. 

Mhoto  HaynHbix  3aaan  b  OKoao3eMHOM  n  aaabHeM  KocMoce  MoaceT 
6biTb  BbinoaHeHo  annib  Oaaroaapa  ncnoab30BaHHio  Maaon  KocMnnecKon 
XeXHHKH. 

IIlnpoKoe  ncnoab30Banne  nocaeannx  HaynHo-TexHHnecKnx  n 
TexHoaoranecKHx  aocTnaceHnn  onaaceT  OaaroTBOpiioe  Bannune  n  Ha 
Tpaanu;HOHHyio  KocMnaecKyio  TexHHKy  n  Ha  apyrne  oTpacan  Haytcn, 
TexHHKH,  npoMbiinaeHHOcTn,  okohomhkh. 

CoKpaineHne  OioaaceTHoro  cJinHaHcnpoBaHna  KocMnaecKon 
aeaxeabHocTH  -  axo  He  ToabKo  poccnncKaa,  ho  h  oOmeMHpoBaa  TeHaeimna. 
B  3thx  ycaoBnax  pacmnpeHne  MexcayHapoaHoro  coxpyaHnnecTBa  MBaaeTca 
oaHHM  H3  raaBHbix  ycaoBHn  aaabHenmero  pa3BHTHH  KOCMOHaBTHKH  b 
HHTepecax  Bcero  neaoBenecTBa. 


KJI1DHEBHE  HAIIPABJIEHHfl  OE^EPAJIEHOH  KOCMHHECKOH  IIPOrPAMMbl  POCCHH  B  1998  T. 

CjBji  ib  h  TejnesemaHHe  ^HCTaHujioHHoe  <Pynn;aM  ei  rxajiMiMe  IlMJiOTHpycMMe  nojieTH  h 

30HiTMP0BaHHc  3eMJM  HayHHbie  uccjxeffOBaHHa  MexayHapoflHoe  coTpynjnraecTBo 
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U,cjicBaH  nporpaMMa 

KooncpauHH  npeanpuHTHH  HIIO  ManiHHOCTpoenHH  no  coi/iamno  Miuibix 
KocMHHecKHx  annapaTOB  ^HCTamiHOHnoro  30HAHpoBannn  3eMJiu  h  cb«3h  c 
Hcnojib30BaHHeM  fljra  hx  BMBeaeHHH  paKerbi  HOCHTejia  “CTpejia” 


T.  E(J)peMOB 
Hno  MauiHHOCTpoeHra 
143952  r.  PeyroB,  MocxoBCKaa  odmcrb 
yji.  T arapHHa,  33 
OaKc:  (095)  302  2001 


B  aoKjiafle  npeflCTaBJieHa  nporpaMMa  ^encTBHH  HIIO  MainHHOCTpoeHHH  no 
co3flaHHio  Manbix  kocmhhcckhx  annapaTOB  flHcraHijHOHHoro  30HflnpoBaHna  3eMjin 
H  CBH3H. 

YcTOHHHBoe  coBpeMenHoe  cocroaHne  npeflnpinrrax  b  coHeraHHH  c  6oraTHM 
onbiTOM  flajio  B03MoacHOCTb  HTIO  MamHHoerpoeHHs  npoBecm  pa#  pa3pa6oTOK  h  Ha 
hx  ocHOBe  pa3pa6oTaTb  npejuiaraeMyio  nporpaMMy,  Ha3BaHHyio  'TIparMaTinmbiH 
kocmoc".  Ha3BaHHe  Bbi6paHO  He  cjiynaHHO,  nparMaTHHHbifi  no^xofl  npHHHT  ko  BceM 
acneicraM  IIporpaMMbi:  TexminecKOMy,  opraHroapHOHHOMy,  <f)HHaHCOBOMy 

HIIO  MauiHHOCTpoeHHa  npe^aaraeT  3Ty  nporpaMMy  BMecre  c  pa,ziOM 
npeflnpuaxHH  h  opraHH3auHH  -  eflHHOMbinuieHHHKOB,  HMefomnx  MHoroneranH  onbrr 
coBMecTHoii  paSoTbi  h  pa3flejiaioinHX  pejm,  3a#aHH  nporpaMMbi  h  npefljiaraeMbie 
nyra  ee  peajiH3apHH.  nporpaMMa  He  aBJiaeTca  flomaTHHHbiM,  3aMKHyrbiM 
AOKyMeHTOM,  h  npeanoJiaraeT  flajibHenmee  CBoe  coBepmeHCTBOBaHHe  h  pa3BHTHe, 
xax  b  nacTH  KOHxperHbix  npoeicroB,  Tax  b  Hacrn  hobbix  ynacTHHKOB. 

L^ejiH  nporpaMMbi  onpefleaeHbi  Hcxoaa  H3  "KoHpenpHH  HapHOHajibHOH 

KOCMHHeCKOH  nOJIHTHKH  POCCHHCKOH  <I>e#epanHH". 

OcHOBHbiMH  npHHi^nnaMH,  Ha  KOTopbix  nocrpoeHa  nporpaMMa  aBjiaiOTca 
BOCTpe60BaHHOCTb  H  KOHKpeTHOCTb  COCTaBJIHK>mHX  ee  npOeKTOB  H  flOCTaTOHHO 
6bicrpaa  npaKTHHecKaa  peajin3yeMOCTb  sthx  npoeicroB  b  coBpeMeHHbix 
SKOHOMHHeCKHX  ycjioBHax. 

B  KanecTBe  npHopirreTHbix  nanpaBjieHHH  nporpaMMa  oxBaTbiBaeT.- 

-3anycK  kocmhhcckhx  annapaTOB  Ha  paxeTOHOCHTejiax,  co3«aHHbix  Ha  ochobc 
nofljieacamnx  yHHHToaceHmo  b  cooTBercTBHH  c  MeacflyHapoflHbiMH  corjiameHnaMH 
MEP  PC-18  h  PC-20; 

-C03AaHne  yHH^HpHpoBaHHOH  MajiOMaccoBoraSapHTHOH  kocmhhcckoh 

njiaT^opMbi  (YMKII); 

-pa3pa6oTKy  n  co3flaHHe  Ha  6a3e  Majibix  kocmhhcckhx  annapTOB  c  YMKn 
KocMHHecKHx  chctcm  ^33  pa3JiHHHoro  Ha3HaHeHiw; 

-pa3pa6oTKy  h  co3#aHHe  Ha  6a3e  Majibix  KocMHHecKHx  annapaTOB  c  YMKn 
KOCMHHCCKHX  CerMCHTOB  CHCTCM  CIiyTHHKOBOH  CB»3H; 

PeaJiHaapna  nporpaMMbi  no3BOJiHT  MaKCHMajibHO  Hcnojib30BaTb 
cymecTByioinHH  b  crpaHe  MaTepnajibHbiH,  tcxhhhcckhh  h  HayHHbiH  3a«eji, 
yMeHbmHTb  3aTpaTW  Ha  npoeKTbi,  HanpaBjieHHbie  Ha  peiueHHe  3a#an  HanHonanbHOH 
6e3onacHOCTH,  cKOHijeHTpHpoBaTb  cpeflCTBa,  b  tom  HHCJie  KOMMepnecKHe  h 
MOKayHapoflHbie,  «jw  aocrHaceHHa  pe3yjibTaTOB. 


A  Dedicated  Program  of  Scientific-Production  Association  of  Machine 
Engineering  (NPO  MASH)  Enterprises  Cooperation  for  Building  Earth 
Remote  Sensing  and  Communications  Spacecraft  to  Be  Orbit-Injected 

by  STRELA  Launch  Vehicles 

G.A.  Efremov 
NPO  MASH,  Russia 

The  level  of  the  world  space  technology  on  the  threshold  of  a  new 
millenium  allows  to  start  extensive  industrial  and  commercial  application 
of  space  systems  not  only  in  communication  but  also  in  the  Earth  remote 
sensing  (ERS),  navigation,  production  of  high-quality  materials  and 
applied  research. 

Because  of  significant  costs  of  creation,  deployment  and  operation  of  such 
systems,  sharp  reduction  of  such  costs  is  a  key  to  successful  conquering  of 
the  emerging  broad  market  of  space  services.  Space  system  designers  pay 
special  attention  to  solution  of  these  tasks  with  the  help  of  small-size 
spacecraft  using  light-class  launch  vehicles  to  launch  spacecraft  or  to 
replenish  their  stock  on  orbit.  In  Russia,  ICBMs  being  decommissioned 
under  START-2  treaty  and  properly  modified  are  a  good  source  of  such 
light-class  launch  vehicles. 

Since  in  the  coming  years  there  will  be  sufficient  quantity  of  launch 
vehicles  with  lifting  capacity  of  1-4  tons,  the  Russian  space  industry  is 
capable  of  creating  ERS  spacecraft  of  a  mass  of  ~  0.8  - 1.2 1  that  would 
have  high  performance  data  and  carry  optical  and  radar  observation 
instruments  producing  images  with  resolution  close  to  1  m.  Space  industry 
enterprises  have  sufficient  stock  of  service  systems  for  such  spacecraft. 

An  NPO  Mashinostroyenia-led  subcontractor  network  that  includes 
MNI1P,  RN1IKP,  LOMO,  OPTEX,  GOSTsNHRTI,  NIIEM,  OKB  MEI, 
NIITP,  OKB  Vympel,  Rubin  have  developed  a  project  of  small-size 
spacecraft  for  ERS  and  communication  using,  as  a  launch  means,  Strela 
launch  vehicle  converted  from  RS-18  ICBM. 


OCHOBHMC  HanpaBJieHHfl  npHMeHeHHfl  H  pa3BHTHH 
KOHuenpHH  MajiMx  ciiythhkob  b  npaKTHKe  pa6oT  TKB  "lOacHoe" 


C.Kohioxob 
TKB  "ICbKHoe" 

320008  YKpaHHa,  r./jHenponeTpOBCK 
yji.KpHBopoxccKaa  3 
<DaKc:  (0562)  925041,  (0562)  700125 


B  aoKJia^e  paccMaTpHBaioTca  Bonpoc&i  co3.ii aims  h  npHMeHeHHa  kocmhhcckhx 
annapaTOB  Majiofi  pa3MepnocTH. 

OnpeneneHbi  pa3MepnocTb  riojia  xap  aicrepHCTHK  KA  (Macca  6a30Bbix 
nnaT^opM  <200  kt)  h  napaMeipm  Tnnopa3MepHoro  pa/ia  6a30BLix  nuaT^opM.  Oiracan 
npHHpHmiaji&HHH  noaxo#  k  nocTpoeHHio  6opTOBoro  annapaiypHoro  KOMnnexca  n 
KOHCTpyiootHH  KA.  C(J)opMHpOBaHbi  o6nacTH  peneBoro  npHMeHeHHa  Majibix  KA: 
onepaTHBHoe  Ha6jnoneHHe  noBepxHOCTH  3eMJiH  c  noMoipbio  rpynnHpoBKH  KA, 
BbiBOflHMbix  Ha  opOHTy  oflHOH  paKeTOH-HocHTeneMj  iiayHHbie  aiccnepHMeHTbi  b 
o6jiacTH  ceftcMHHecKoro  MOHHTopHHra;  HaynHbie  aiccnepHMeHTbi  b  oSjiacTH 
KOCMHHeCKOH  TeXHOJIOrHH,  SHOTeXHOJIOrHH,  SHOMeHHHHHbl  C  oSecneHeHHeM 
BbicoKOKanecTBeHHbix  ycjiOBHH  MHKporpaBHTapHH  h  B03Bpaiu,eHHa  MaTepHajibHbix 
pe3ynbTaTOB  aiccnepHMeHTOB  Ha  3eMmo;  aH^eperajHajibHaa  cnyTHHKOBaa  HaBHrapHa. 
PeKOMeHiiaiiHH  no  nocTpoemno  opOHTanbHbix  rpynnnpoBOK  pa3pa6oTaHbi  c  yneTOM 
ncnojib30BaHHa  pacnonaraeMoro  napxa  cpeacTB  BbiBeaeHHa  h  3kohomhh6ckhx 
(^aKTopoB.  ripHBeaeHbi  CBeaenna  o  rexHHHecKOM  oSjiHKe  h  xapaKTepncTHKax  KA. 

H3JioxceHbi  cooOpaxceHHa  no  opraHH3anHH  MeHflyHaponHOH  KoonepanHH  ana 
ocymecTBneHHa  pa3pa6oTKH  KA. 


C.  Kohioxob 


Bonpocbi  co3flaHHH  n  npHMeneiraa  kocmhhcckhx  annapaTOB  Marton 
pa3MepHOCTH  3aHHMaioT  BaxcHoe  Mecro  b  HOMeHKJiaType  pa6oT,  BbinojiHaeMbix 
FKB  "KbxHoe"  c  xoonepannen  no  3aKa3y  HannoHajibHoro  xocMnnecxoro  areHTCTBa 
YKpaHHBI. 

B  OTpeJibiioe  HanpaBJieHne  BbinejieiiH  pa6oTbi  no  co3naHmo  kocmhhcckhx 
annapaTOB  MHKpocnyTHHKOBoro  KJiacca  (c  Maccon  6a30Bbix  njiaT(J)opM  <200  kt).  3to 
oSbflCHHeTCa,  B  nepByiO  Onepepb,  06beKTHBHbIMH  AOCTOHHCTBaMH  MHKpOCnyTHHKOBbIX 
TexHOJiorHH,  oOecneHHBajoinHMH  penieHne  mhothx  TpaAnnnoHHbix  mnoB  3apan  c 
MeHbmHMH  3aTpaiaMH  n  Ha  bbicokom  TexHnnecxoM  ypoBHe.  /IpyrnM  oScToxTejibCTBOM, 
oOycircBHBniHM  npaKTHnecKHH  nmepec  k  pa3BHTHio  MHKpocnyTHHKOBoro 
HanpaBJieHHH  paOoT  b  YxpanHe,  aBJiaeTcn  to,  hto  Mmcpocnyramai  Jiynme  jiioSoto 
npyroro  Bnna  xocMnnecxon  TexHnxn  nopxonaT  Ha  ponb  HHCTpyMeHTa  nna  pemeHiin 
3anann  TexHonornnecxoro  nepeocHameHna,  nocTaBjieHHon  nepep  HannoHajibHon 
KOCMHHeCKOH  OTpaCJIbK).  3fleCb  HMCIOTCH  BBHfly  MHKpOMHHHaTK)pH3anHH  SopTOBOTO 
oOopynoBaHHa,  mnpoxoe  ncnojiB30BaHne  nojiHMepHbix  h  KOMno3nnHOHHbix 
MaTepnanoB,  HHTerpanna  SopTOBoro  annapaxypHoro  KOMnnexca  Ha  ocHOBe  cpepcTB 
BbIHHCJIHTeJIbHOH  TeXHHKH,  HCn0JIb30BaHHe  HerepMeTHHHbIX  KOHCTpyKHHH ,  C03paHHe 
Ha3eMHbix  aBT0MaTH3Hp0BaHHbix  HcnbrraTejibHbix  KOMnnexcoB  h  Ap.  C  yneTOM 
yica3aHHbix  4>aKTopoB  co3naHne  MHKpocnyTHHKOB  h  hx  npHMeHeHHe  no  peneBOMy 
Ha3HaneHHio  npepycMOTpeHbi  caMocroaTejibHon  no3nnnen  b  T ocypapcTBeHHon 
(HannoHajibHon)  KOCMnnecxon  nporpaMMe  YKpaHHbi  Ha  1998-2002  rr. 

BbmejiaK)TCfl  ABe  $a3bi  b  pemeiiHH  nocTaBjieHHon  3aAann  -  pa3pa6oTxa 
yHH^HnHpoBaHHon  cnyranKOBon  njiaTcjiopMbi  MHKpoKJiacca  h  ocHaineime  ee  6optoboh 
nojie3HOH  Harpy3Kon  cooiBercxByioinero  neaeBoro  Ha3HaneHna.  CaMa  njiaT<J)OpMa 
MOXCeT  HCnOBHSTbCfl  B  Tpex  MOAHlJlHKanHHX  MC-1,  MC-2,  MC-3,  OTJIHHaiOmHXCH 
Maccon  (60  xr,  120  k r  n  200  kt  cootbctctbchho)  h  (jiyHxnHOHajibHbiMH 

B03M03KH0CTHMH . 

ripn  pa3pa6oTKe  Monn<f)HKanHH  yiiHtJmnnpoBaHHOH  njiaT<f>opMbi  Bonpocbi 
nocTpoeHHH  nx  SopTOBoro  oOecrieHHBaioinero  KOMnjieicca  h  KOHCTpyKnnn 
paccMaTpnBaioTCB  c  yneTOM  bo3moxchocth  ncno;rib30BaHHH  eAHHbix  j\m  Bcex 
MOAH^HKannn  6a30Bbix  cocTaBHbix  nacTen  oOecnenHBaioinero  xoMiuiexca.  3tot 
npnHnnn  peajra3yeTca  cjienyioinHM  o6pa30M: 

AJia  Bcex  Tpex  MopntfiHKanHH  npenycMOTpena  eAHHaa  KOHCTpyxTHBHO- 
KOMnoHOBOHHaa  cxeMa; 

cncTeMa  ynpaBJieHHH  opneHxannen  n  CTa6njiH3anHn  n  annapaTypa 
coBMenjeHHOH  KOMaHAHO-xpaexTopHon  paAnojiHHnn  npnMeHaioTCH  Ha  MC-1,  MC-2, 
MC-3  c  ncnojib30BaHHeM  oahhx  h  Tex  ace  6a30Bbix  Mopyjien; 

b  cocTaBe  OopTOBoro  nncfjpoBoro  BbnracjraTejibiioro  xoMnnexca  nepeMeHHon 
HacTbK)  KBJiaioTca  tojibko  MOAyJin  conpaacenna  c  none3Hon  Harpy3Kon; 

(|iopMnpoBaHHe  TpeSyeMbix  3anacoB  paOonero  xena  ABnraTenbHon  ycTaHOBKH 
(TaM,  rpe  OHa  ncnoJib3yeTca)  ocyrpecTBjiaexca  nopOopoM  HyacHoro  KOJinnecTBa 
CTanAapTHbix  oaxjionoB; 

ncnojib3yiOTca  oAHOTnnHbie  aneMeHTbi  KOHCTpyKnnn  (noBopoTHbie  ycTponcTBa, 
TOJiKaTejin,  ycTponcTBa  3aneKOBKH  n  AP-)- 

TnnoBaa  KOH<f>Hrypanna  MHKpocnyTHHKa  npnMeHHTenbHO  k  cyOcnyTiraxy 
aKTHBHoro  MOHHTopnHra  KocMHHecKoro  KOMnnexca  'TIonepeAXceHHa"  noxa3aHa  Ha 
pnc.l. 


C.  Kohioxob 


BtiBe,n;eHHe  MHKpocnyxiiHKOB  Ha  op6nxy  MO>iceT  ocyniecxBJiHibca  pa3.iHHHMMH 
cnocoSaMH  (coBMecxHo  c  apyrHMH  KA,  rpynnoBBiM  3anycKOM).  3xo  oOcxoaxejibcxBo 
yHHxtiBaexca  npn  BbiSope  chjioboh  cxcmli  KOHcxpyKijHH  h  KOMnoHOBKe  OopxoBoft 
annapaxypbi. 

Han6ojiee  npo^BHHyxa  ceroznia  pa3pa6oxKa  nepBOH,  oxpaOoioHtioH 
KOMnjieKxaHHH  MHKpocnyxHHKa  MC-l-TK.  OHa  npejataiHaHena,  b  ochobhom,  flJia 
npoBepKH  h  noflXBepac^eHHa  b  ycjiOBnax  aiccnjiyaxaHHH  ochobhbix  xexHHHecKHX  h 
xexHOJiorHHecKHx  pememtH  no  oxnejiBHBiM  aneMeHxaM  KOMnjieKca  xexHHHecKHX 
cpeflCXB  caMoro  MHKpocnyxHHKa  h  cooxBexcxByiomHX  Ha3eMHbix  cpe^cxB  nonroxoBKH 
k  3anycKy,  ynpaBHemia  b  nojiexe,  npneMa  h  o6pa6oxKH  HH(J)opManHH.  MHKpocnyxHHK 
MC-l-TK  pernaex  h  neneBbie  3aaaHH  -  nojiyneHHe  H3o6paaceHHH  3anaHHbix  ynacxKOB 
noBepxHocxH  3eMJiH  p,m  HapoflHOxo3aHCXBeHHoro  h  HaynHoro  HcriojibsoBanna,  a 


xaKace  oxpaSoxKH  nepcneKXHBHbix  xexHOJiorHH  HaSjnoneHHa  3eMJiH.  J\nsi  axoro 
MHKpocnyxHHK  conep>KHX  b  cocxaBe  nojie3HOH  Harpy3KH  MajioraoapHXHyio  OopxoByio 
xejieBH3HOHHyio  KaMepy  BHflHMoro  ffHana30Ha  h  6opxoByio  annapaxypy  cnennajibHOH 
HH^opMapHOHHOH  pa^HOJiHHHH,  paSoxaiomefi  b  ^Hana30He  nacxox  2200... 2600  MTn. 
Hnace  npe^cxaBJieHbi  ocHOBHbie  xapaKxepHCXHKH  MHKpocnyxHHKa: 


cneKxpajibHbiH  ^nana30H  Ha6jno,aeHHH 
pexcHM  Ha6jno^eHHa  - 
innpHHa  noaocbi  o63opa  - 
pajpeinatomaa  cnoco6Hocxb  (b  naanpe)  - 
CKOpOCXb  nepeflaHH  HH(J)OpManHH  - 
norpenmocxb  opHenxapHH  h  cxa6HJiH3anHH  oceft 
MHKpocnyxHHKa  b  opSnxajibHOH  cncxeMe  KOOpnHHax  - 
MHKpocnyxHHK  6yaex  BbXBonnxbca  Ha  KpyroByio  op6nxy  bbicoxoh  650  km  c 
HaKJiOHeHHeM  82,5°  paKexoft-HOCHxejieM  "I^hkjioh-3"  b  KanecxBe  nonyxHoro  rpy3a 


0,45. ..0,90  mkm, 

KaapOBblH, 

160.. .320  km, 

160  m, 

He  MeHee  256  K6hx/c, 


He  xyace  2°  (cr). 


coBMecxHo  c  pa3pa6axbiBaeMbiM  TKB  "IOaotoe"  kocmhhcckhm  annapaxoM  "Cnt-IM". 

Co3aaHHe  oxpa6oxoHHOH  KOMnneKxanHH  MC-l-TK  noHKpenjiaexca  b  TKB 
"lOacHoe"  paSoxaMH  no  nocjiepyioiaeH  3arpy3Ke  MHKpocnyxHHKOBbix  nnax^opM 
KOHKpexHbiMH  peneBbiMH  3ananaMH.  PaccMOxpeHHe  noxeHpHanbHLix  3aaan, 
penecoo6pa3Hbix  k  nocxaHOBKe  Ha  MHKpocnyxHHKe,  noKa3ajio,  hxo  ohh  npncyxcxByiox 
bo  Bcex  rjiaBHbix  HanpaBJieHMX  kocmhhcckoh  neaxenbiiocxH  -  HaSnioneiiKH  3cmjih, 
CBK3H  H  HaBHraHHH,  (JjyHflaMeHXaJIbHblX  HayHHbIX  HCCJieAOBaHHflX. 

FlepBbiH  niar  b  bxom  HanpaBJieHHH  yace  cflenaH  -  Ha  MHKpocnyxHHKOBOH  ocHOBe 
TKB  "lOacHoe"  ocyxnecxBJiaex  pa3pa6oxKy  cy6cnyxHHKOB  CC-1  h  CC-2 
MeJKayHapoaHoro  npoeKxa  "IIonepeaaceHHa",  npecjieayxomero  HeJiH  co3aaHHH 
BKcnepHMeHxanbHoro  KocMHnecKoro  KOMnjieKca  cncxeMbi  cnyxHHKOBoro  MOHHXopHHra 
cencMHHecKOH  aKXHBHocxH  3eMJiH  wz  nporao3a  3eMJiexpaceHHH  h  npoBcaeiiHH  c  ero 
noMombio  o6hihphoh  nporpaMMbi  HaynHbix  HCcneaoBaHHH  no  noHCKy  h  H3yxeHHio 
npeaBecxHHKOB  3eMjiexpaceHHH.  B  npoeKxe  ynacxByiox  HaynHbie  opraHH3anHH  h 
cnenHajiHcxbi  YKpaHHbi,  Pocchh,  IIojibHiH,  HexHH,  BeurpHH,  Ahxjihh,  IllBeaHH, 
OpaHHHH,  C1IIA,  Tpy3HH.  CyScnyxHHKH  CC-1  h  CC-2  co3«aioxcH  Ha  6a3e  nnax^opMbi 
MC-3,  BbiBonaxca  Ha  op6nxy  BMecxe  c  ochobhhm  KA  paKexoH-HOCHxeireM  "L(hkjioh-3" 
h  b  op6nxaiibHOM  nojiexe  ocymecxBJiaiox  aKXHBHbra  h  3JieKxpoMarHHXHbiH  MOHHXopHHr 
HOHOC^epHOH  nJia3MbI. 

IIpHM  eHHxe  JibHO  k  3aflanaM  naS.xioaeHHH  3eMJiH  MHKpocnyxHHKH 
npeacxaBjnnoxca  onxHManbHbiM  HHexpyMeHXOM  HJia  oScjiyacHBaHHa  aocxaxonno 
So.xbiiioro  h  ycxoHHHBoro  Kpyra  noxpe6Hxeneii,  HcnoJib3yioH];HX  MHoro30HajibHyio 


C.  Kohioxob 


HH(J>opMau;mo  cpeziHero  pa3pemenHa  Ha  nocxoaHHOH  h  peryjiapHoft  ochobc.  C 
noMomtio  namibix  c  TaKHx  KA  pemaioxcH  Ha  oSmerocyaapcxBeHHOM  h  pernoHajibHOM 
ypoBHflx  3a^aHH  centCKoro,  JiecHoro  h  Bo/moro  xo3hhctb,  3KOJiorHHecKoro 
MOHHTopHHra,  reojioraH  h  T.fl.  Ilpn  hojihom  ynexe  cnepH^uKH  3a^an,  xpe6yioiii;HX,  Kax 
npaBHJio,  HaSjHoaeHHfl  c  cojmeHHO-cHHxpoHHbix  op6nT  bhcoxoh  nopajiKa  650  KM, 
nepHOflHHHOCTH  o6HOBjieHHa  HH^opMapHH  1...2  cyTOK  h  cpe^HeM  pa3pemeHHH 
0nTHK0-3JieKTp0HHfcix  npH6opoB  30.. .100  m  b  nonoce  o63opa  360.. .500  km,  juia 
cpe^HHx  HinpoT  Ha6mo,a;eHHa  jipcxaxoHHo  Sy^ex  HcnojiB30Baxb  op6HxajiBHyio 
rpynnHpoBKy  H3  3... 4  KA.  rpynnnpoBKa  xaKOH  hhcjichhocxh  b  ohhoh  op6HxajibHOH 
naocKocxH  npn  Macce  Kaacnoro  MHKpocnyxHHKa  flo  300  Kr  Moxcex  6hxb  nocxpoeHa  npH 
Hcnoat30BaHHH  Bcero  ojiHoro  3anycxa  paKexoH-HocHxeaeM  xnna  "J^Henp".  3xox 
npHMep  aBJiaexca  xopomen  HJijnocxpaijHeH  bo3mo3khocxch,  B03HHKaK)m;Hx  npn 
nepexoae  k  npHMeHeHHio  MHKpocnyxHHKOB. 

ripaKXHHecKyio  peaJiH3apHio  H3JiOHceHHOH  nocxaHOBKH  aanaHH  nnaHHpyexca 
ocymecxBHXb  b  paMKax  npoexxa  MC-3-^33.  ripoexx  npeaycMaxpHBaex  coaziaHHe  Ha 
6a3e  mianJjopMbi  MojiHcjiHKaiiHH  MC-3,  oxpaSoxaHHOH  npn  BBinoJiHeimn  xeMti 
"IlonepeflHceHHa",  MHKpocnyxHHKa  MC-3-^33  h  oSecneHHBaiomeH  ero 
4)yHKii;HOHHpoBaHHe  Ha3eMHOH  HH^pacxpyKxypbi  cpe^cxB  ynpaBJieHHa,  npneMa  h 
o6pa6oxKH  HH(|)opMapHH.  Ha  6opxy  MHKpocnyxHHKa  ycxanaBJiKBaioxca  #Ba  cxaHepa 
BH^HMoro  flnana30Ha  co  cacaxHeM  HH(j)OpManHH  h  annapaxypa  cnennajibHOH 
HH(|)opManHOHHOH  pannojiHHHH  HacxoTHoro  nKana30iia  8,2  ITp.  Hh>kc  npHBeneHbi 
xapaKxepncxHKH  H3MepHxejibHO-HH(|»opMai],HOHHoro  KOMnaeKca: 

pa3pemeHHe  40  m, 

nojioca  o63opa  (#jih  jibvx  CKanepoB)  470  km, 

hhcjio  cneKxpajibHbix  KaHaaoB  35 

cneKxpajibHbie  jiHanaaoHbi  KaHaaoB  0,45... 0,52  mkm, 

0,52. ..0,59  mkm, 

0,62.. .0,68  mkm, 

K03^>c^HPHeHx  ynjioxHeHHa  (cacaxna)  HH^opMaunn  >2, 

HH^opMaxHBHoexb  pajHOJiHHHH  32  M6hx/c. 

BaxcHOH  ocoSeHHoexbK)  npoeKxa  aBJiaexca  HaMepeHHe  ocHacxnxb  cnyxHHK 
annapaxypHbiMH  cpeacxBaMH  ynpaBJieHHa  poKHMaMH  cbcmkh  ox^ejibHbix  oSbexxoB 
(pafioHOB)  iiaOjnoneHHa  HenocpencxBeHHO  nojib30BaxejiaMH  H3  perHOHajibHbix  neHXpoB 
npneMa  HH^opMapHH  (xexHOJiorHa  SEE,  naxeHX  YKpaHHbi  N95030965  ox  01.03.95). 
3xo  no3BOJiHX  ocyipecxBJiaxb  BbrnojiHenne  3aaBKH  Ha  cbeMKy  c  MaKCHMajibHo 
bo3moxchoh  onepaxHBHocxbio  (b  peajibHOM  Macmxa6e  BpeMeHH)  h  oOecnennib  3a  cnex 
Sojiee  KoppeKXHoro  ynexa  MexeopojiorHnecKHX  <J>aKxopoB  bbixoji  xoBapHOH  nponyxiiKH 
cxaHflapxHoro  KanecxBa,  6jth3i<hh  k  100%. 

K  nocxoHHCXBaM  npoeKxa  cjiejiyei  oxHecxn  xaKace  npHMeHeHHe  Ha 
MHKpocnyxHHKe  annapaxypbi  cnyxHHKOBOH  HaBHraiiHH.  Hcnojib30BaHHe  ee  aaHHbix 
npn  Ha3eMHOH  o6pa6oxKe  HH<|)opMaii;HH  no3BOJiHx  nojiyqnxb  BbicoKyio  xohhocxb 
KOOp^HHaXHOH  npHBa3KH  HH(|)OpMapHH. 

Pacnexbi  noKa3biBaiox,  hxo  mojkho  nono6paxb  xaxyio  Bbicoxy  cojihchho- 
CHHxpoHHOH  op6HXbi  b  Ananaione  bmcox  600. ..800  km,  npn  Koxopon  rpynnHpoBKOH  H3 
2. ..3  MHKpocnyxHHKOB,  paBHOMepHO  C<i)a3HpOBaHHbIX  B  OflHOH  OpSnxaJIbHOH 
naocKocxH,  mohcho  oGecneqnxb  nepHOjiHHHoexb  cnjionmoro  npocMoxpa  noBepxHocxn 
3eMHH  Ha  ninpoxe  YKpaHHbi  3. ..5  cyxox  npn  pa6oxe  oahhm  cKanepoM  h  2. ..3  cyxox  npn 
OHHOBpeMeHHOM  BKJIIOHCHHH  06OHX  CKaHepOB. 


C.  Kohioxob 


TexHHHecKHe  pemeHHH,  npeAycMaxpHBaeMbie  b  cncxeMe,  naiox  bo3mo3khoctb 
opraHH3au;HH,  c  ynexoM  mo6ajibHOCXH  peannsyeMOH  opSHxajibHOH  rpynnnpoBKOH 
30hbi  oScjiyacHBaHHH,  rjiy6oKoro  Meac^yHapoflHoro  napxHepcxBa  KaK  Ha  ctbahh 
paapaSoTKH,  Tax  h  npn  3KcnjiyaxaHHH  cncxeMbi.  TKB  "fOamoe"  6ynex  xoubko 
npHBeTCTBOBaTb  no^KjnoHeHHe  k  rxpoeKxy  MC-3-/J33  HHoexpaHHbix  (|>HpM  b  nacxH 
nocxaBKH  Ha6jno^axejibHOH  h  cbh3hoh  annapaxypbi  (c  oxpa6oxKon  ee  Ha  nepBbix  1...2 
cnyxHHKax  XHna  MC-3-^33),  ynpaBjieHHa  annapaxypon  Ha6jnoAeHHa  h  npneMa 
HH(J)opMaHHH  Ha  cyipecxByioiHyK)  MHpoByio  cexb  npneMHbix  cxaHHHH.  Onjiaxa  pa6ox 
no  pa3pa6oxKe  h  BHe^peHmo  xexHOJiorHH  SEE  b  npoexx  MC-3-/J33  ocyinecxBJiaexca 
npn  3xom  (J)npMOH-pa3pa6oxHHKOM  b  KanecxBe  aoneBoro  BKJiana  b  co3^aHHe 
SKcnjiyaxanHOHHOH  cncxeMbi  HaSmofleHna  3cmjih  no  MOAenH  MeacAyHapoAHoro 
KOHeoppHyMa  c  nocnenyiomHM  yqacxneM  4)HPMW  B  Aeneace  npHStum  ox 
KOMMepnecKoro  HcnoJib30BaHHa  cncxeMbi. 

B  oGiiacxH  CBa3H  h  HaBHraHHH  npnMeHeHHe  MHKpocnyxHHKOB  Moacex  OKa3axbca 
3<J)$eKXHBHbiM  pemeiraeM  sa^ann  nocxpoeHHa  AH^epempiajibHOH 
paAHOHaBHranHOHHOH  cnyxHHKOBOH  chcxcmh.  3toh  npo6jieMOH,  Hapa^y  c 
eBponeiicKHMH  opraimaaiinaMH,  3aHHMaexca  b  YKpaHHe  Ha  chcxcmhom  ypoBHe 
AO  HHHPH  r.XapbKOB  c  ynacxneM  TKE  "lOacHoe"  b  nacxn  KOCMnnecxoro  cemeHxa 
CHCxeMbi.  MHKpocnyxHHK  MC-3-PH  6a30B0H  MOAH(J)HKau,nH  MC-3,  ocuameHHbiH 
6opxoBbiM  paAHOHaBHrainHOHHbiM  KOMnneKCOM,  cocxaBHX  MaxepHajibHyio  ocnoBy 
HH3KO0p6HxajibHOH  rpynnHpoBKH  KA,  ocymecxBjiaiomeH  <|)opMHpoBaHHe  h  nepenany 
HaBHrapHOHHbix  CHraairoB,  noAoSnbix  cnraaiiaM  NAVSTAR/TJIOHACC, 
coAepacamHX  3<J)eMepHAt>i  MHKpocnyxHHKOB,  AaHHbie  o  nenocxHocxH  HaBHraHHOHHOH 
cnyxHHKOBOH  rpynnHpoBKH  h  AH(|)(J)epCHi],HajibHyio  HH^opMauHio.  Kax  noKa3biBaiox 
pacnexbi,  npn  Bbicoxe  op6nxbi  2000  km  h  HaKjioHeHHH  64°  opSuxajiLHaa  rpynnnpoBKa 
AOJHKHa  coAcpacaxb  36,  48  hjih  72  annapaxa  Ana  HenpepbiBHoro  oAHOKpaxHoro, 
AByxpaxHoro  h  xpoeKpaxHoro  o630pa  Been  noBepxHocxn  3eMJiH  cooxBexcxBeHHO. 

Kax  h  npoexx  MC-3-,H,33,  paccMaxpraaeMbiH  npoexx  xaxace  HMeex  HaynHo- 
xexHHnecKHe  h  opraHH3auHOHHbie  npeAnocbiAKH  ocymecxBjieHHa  ero  Ha  ochobc 
MeamyHapoAHoii  KoonepaHHH. 

HaKOHep,  cneAyex  ocxaHOBHXbca  Ha  B03Monaiocxax  npHMeHeHHa 
MHKpocnyxHHKOBbix  xexHOJiorHH  AJia  npoBeAeHHa  OHOJiornnecKHx, 
6HoxexHOJiornnecKHx  h  xexHOAoranecKHx  HccjienoBaHHH  b  o6jiacxH 
4>yHAaMeHxajibHofi  HayKH.  3xh  HcejieAOBaHHa  cocxaBJiaiox  3HanHxeJibHyio  aojiio 
nporpaMMbi  npoBeAeHHa  naynHbix  3KcnepnMeHXOB  Ha  MeafAyHapoAHoft  kocmhhcckoh 
CXaHHHH. 

Kax  noKa3biBaex  onbrr  3KcnjiyaxanHH  opSHxaabiiofl  cxaHHHH  "MHp", 
nHaoxHpyeMbie  KpynHoraOapHXHbie  KOCMHnecKHe  KOHexpyKHHH  BpaA  hh  moxcho 
cHHxaxb  HAeajibHbiM  MecxoM  ajm  npoBeAeHHa  xohkhx  xexuonorHnecKHx 
3KcnepHMeHX0B.  npHcyxcxBHe  Ha  6opxy  cxaHHHH  SKHnaacet  h  hx  KH3iieAeaxeirbH0cxb, 
aBJiaiomaaca  hcxohhhkom  cymecxBeHHbix  AHiiaMHnecKHX  B03MymeHHH , 
Bn6paHHOHHbie  neperpy3KH,  cBH3aHHbie  c  Ae<J)opMaHHeH  xopnyca  cxaHHHH,  paSoxofi 
CHexeM  xepMoperyjiHpoBaHHH,  >KH3Heo6ccncHenHa,  opneHxaHHH  h  cxa6HJiH3aHHH 
oGycnaBHHBaiox  HanHHHe  neperpy30K  ao  10'3g0.  3xo  cjihhikom  Sojibume  neperpy3KH 
AJia  pana  xohkhx  nponeccoB,  xpeOyiOHinx  ypoBHa  MHKporpaBHxanHH  ao  10'6go,  a  b 
paAe  cjiynaeB  (rHApoMexaHHKa,  xenaoMaccnepenoc,  $H3HKa  KonAeHCHpoBaHHoro 
cocxoaHHa  h  $a30Bbix  nepexoAOB  h  x.a.)  -  h  Bbime.  floaxoMy  Henecoo6pa3HO 
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paijHOHajiBHoe  pacnpe^ejieHHe  KOMiuieKca  Hccne/iOBaHHH  h  npnK.ua/iHbix  3a//an  Mexcny 
pa3JIHHHbIMH  THnaMH  KOCMHHCCKHX  Cpe/ICXB  /pra  HX  npOBe//eHHH. 

PKB  "IOxcHoe"  upe/piaraex  k  pa3pa6oTKe  xexHonorHnecKHH  kocmhhcckhh 
KOMnneKc  Ha  ochobc  MHKpocnyxHHKa  MC-l-BT  MO/m<J)HKaiiHH  MC-1, 
o6ecneHHBatoinHH  pea/nmi/Hio  6onee  xccctkhx  xpeSoBaHHH  k  ypOBHio 
MHKporpaBHTai/HH  no  cpaBHeHHio  c  nHJiOTHpyeMbiMH  cTaHi/HXMH  3a  cnex 
HcnojiB30BaHHH  npemrymecTB  aBxoMaxnnecKHx  KocMHnecKHX  annapaTOB. 
OxJIHHHXeJIbHOH  OCo6eHHOCTbK)  3X0r0  KOMnJieKCa  HBJIHeXCfl  BBeneilHC  B  COCTaB 
MHKpocnyTHHKa  cnacaeMoro  annapaTa  h  opraHH3annx  noca/jonnoro  KOMnneKca. 

npH  thkoh  nocTaHOBKe  Bonpoca  npe/piaraeMbm  kocmhhcckhh  KOMnneKc  He 
npoTHBOCTOHT  MKC,  a  ztonojiHxex  ee  b  oSjiacxH,  npe/icxaBJiaiomeH  HaHSojibniHH 
HHxepec  /pi a  Hccjie//oBaxejien  h  pa3pa6oxnHKOB. 

MnKpocnyxHHK  MC-l-BT  oOecnenHBaex  cne/iyiomHe  yc/iOBHa  /pia  pa3Men/eHHa 
h  (jjyHKHHOHHpoBaHHH  Hccne/jOBaxeiibCKOH  annapaxypni: 

ypoBeHb  4>ohoboh  MHKporpaBHxai/HH  1 0'5g0, 

Macca  nojie3HOH  Harpy3KH  5  Kr, 

o6beM  nojie3HOH  narpy3KH  0250  x  300  mm, 

npe/jocxaBjiaeMaa  moihhocxb: 

cpenHecyxoHHaa  5  qTj 

ceaHCHaa  20  Bx  b  xeneHHe  5  MHHyx. 

06jianaa  HeoGxo/jHMbiMH  /pia  nocxaHOBKH  nayniibix  SKcnepHMenxoB 
xexHHnecKHMH  naHHbiMH,  MHKpocnyxHHK  MC-l-BT  6y/iex  oxjiHnaxbca  h  oxHocHxejibHo 
HH3KOH  cxohmocxbk)  npe/jocxaBJieHHa  ycjiyr,  b  xom  HHcne  h  Bcne/jcxBHe  xoro,  nxo 
3HanHxejibHaa  nacxb  xexHHnecKHx  pemeHHH  no  MHKpocnyxHHKy  MC-l-BT 
oxpaOaxbiBaexca  npn  co3//aHHH  MHKpocnyxHHKa  MC-l-TK. 

TaKHM  o6pa30M,  TKB  "Ktoraoe"  HMeex  pa3BepHyxyio  nporpaMMy  ocBoemis, 
pa3BHXHH  h  npHMenenHX  MHKpocnyxHHKOBbix  xexHOJioraH  h  xotobo  k 
Mexcnyiiapo/niOMy  coxpynHHnecxBy  b  sxoh  oOjracxH. 
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Basic  directions 

of  usage  and  conception  of  the  small 
satellites  development  in  practice  of  Yuzhnoye  SDO  works 


S.Konyuhov 
Yuzhnoye  SDO 
3,  Krivorozhskaya  str. 
Dnepropetrovsk,  320008,  Ukraine 
Fax:  (0562)  92  50  41,  (0562)  70  01  25 


The  present  paper  consider  aspects  of  the  small  dimension  satellites  creation  and 

usage. 

There  are  defined  a  field  dimension  of  SC  characteristics  (mass  of  the  based 
platform  equal  or  less  200  kg)  and  parameters  of  the  based  platform  type-dimension  set. 
The  approach  of  principle  of  the  onboard  apparatus  complex  building  and  SC  structure 
is  described.  The  following  areas  on  the  end  use  application  of  the  small  SC  were 
shaped:  an  operational  observation  of  Earth  surface  with  SC  constellation  inserted  into 
orbit  with  the  single  launch-vehicle;  the  science  experiments  in  the  seismic  monitoring 
field;  science  experiments  in  the  areas  of  the  space  technology  and  biotechnology,  and 
biomedicine  with  supporting  the  microgravity  high-quality  conditions  and  the 
experimental  material  results  turning  to  Earth;  differential  satellite  navigation. 
Recommendations  for  the  orbital  grouppings  construction  were  elaborated  considering 
use  the  inserting  facilities  disposed  stock  and  the  economical  criteria.  Of  is  adduced  an 
information  SC  engineering  appearance  and  characteristics  about. 

There  are  set  out  the  considerations  on  the  international  cooperation  establishing 
for  SC  elaboration  realizing. 
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Aspects  of  the  small  dimension  spacecrafts  building/usage  occupy  a  highly 
important  place  in  Yuzhnoye  SDO  nomenclature  in  cooperation  under  National  Space 
Agency  of  Ukraine  order. 

The  works  for  the  microsatellite  type  spacecrafts  (with  based  platform  mass 
equal  <200  kg)  creation  are  set  aside  as  separate  direction.  The  reason  is  first  objective 
merits  of  the  microsatellite  technologies  which  provide  a  solution  of  the  many 
traditional  type  tasks  with  lesser  costs  and  highly  engineering  levels.  Other 
circumstance,  by  which  the  practical  interest  to  development  of  the  works  microsatellite 
direction  in  Ukraine  had  been  caused,  is  that  microsatellites  suits  better  to  the  role  of 
instrument  to  solve  the  tasks  of  technical  reequipping  to  be  sought  to  face  of  the  national 
space  branch.  Here  there  are  meant  the  onboard  equipment  microminiaturization,  and 
widespread  use  of  the  polymeric/  composit  materials,  and  integration  of  the  onboard 
hardware  complex  on  the  computer  technology  base,  and  use  the  uncapsulated 
constructions,  and  creation  of  the  ground  automated  testing  complex,  and  etc.  On  view 
of  the  indicated  factors,  the  microsatellites  creation  and  usage  them  for  the  end  use  are 
foreseen  in  State  (National)  Space  Program  of  Ukraine  for  1998-2002  with  individual 
line. 

Two  following  phases  are  set  aside  in  the  proposed  task  solving:  elaboration  of 
the  microtype  unified  satellite  platform,  and  equipping  it  with  onboard  payload  of  the 
appropriated  end  use.  The  platform  itself  may  be  produced  in  three  modifications  - 
MC-1,  MC-2  and  MC-3  -  which  are  distinguished  of  mass  (60  kg,  120  kg,  200  kg 
consequently)  and  functional  possibilities. 

On  developing  of  the  unified  platform  the  questions  of  buildings  their  onboard 
support  complex/  construction  are  viewed  with  due  regard  for  a  possibility  to  use  the 
same  components  of  the  support  complex  for  all  modifications.  This  principle  is  being 
realized  by  the  following  manner: 

•  unified  structural  -  arrangement  scheme  is  foreseen  for  all  three  modifications; 

•  system  of  the  orientation/  stabilization  control,  and  hardware  for  the  combined 
command-trajectory  radioline  are  applicated  on  MC-1/  MC-2/  MC-3  modifications 
using  the  same  based  modules; 

•  only  modules  of  coupling  with  payload  are  a  variable  part  for  onboard  digital 
computer  complex; 

•  collection  of  the  working  fluid  requested  resumes  for  Propellant  System  is 
realized  by  the  standard  ballons  needed  quantity  setting; 

•  there  are  used  the  single-type  units  of  construction  (turning  devices,  pushers, 
cottering  up  devices,  and  etc). 

The  microsatellite  standard  configuration  as  applied  to  the  "Poperedzhennya" 
Space  Complex  subsatellite  of  an  acti  ve  monitoring  is  shown  on  Fig.  1 . 

Microsatellites  insertion  into  orbit  may  be  realized  by  different  manners  (in 
combination  with  other  SC's,  and  by  group  launching).  This  circumstance  is  considered 
in  the  choice  of  the  construction  strength  scheme  and  in  the  onboard  hardware 
configuration. 

The  most  advanced  up  to  the  present  is  elaboration  of  the  first  polished 
configuration  for  MC-l-TK  microsatellite.  It  is  intended,  basically,  to  verily  and  to 
confirm  the  major  technologic/  engineering  decisions  in  the  operating  conditions  for 
separate  units  of  the  technical  facilities  complex  of  microsatellite  itself,  and 
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corresponding  ground  facilities  of  preparation  to  launch  and  control  during  flight,  and 
recording/  processing  of  information  data.  MC-l-TK  micro  satellite  solve  the  end  use 
tasks  also  -  to  receive  the  assigned  plots  portrayals  of  Earth  surface  for  the  national 


economic/  scientific  using,  and  Earth  observation  advanced  technologies  polishing  also. 
For  this,  the  microsatellite  includes  in  the  payload  composition  the  onboard  compact 
television  camera  of  a  visible  range  and  onboard  hardware  for  special  informational 
radioline  which  operate  in  the  frequencies  band  2200. .  .2600MHz. 

The  following  major  characteristics  of  microsatellite  are  presented  below: 


observation  spectrum  band 
observation  option 
observation  band  width 
discrimination  capacity  (in  nadir) 
message  data  rate 
accuracy  of  the  microsatellite 
axis  orientation/  stabilization 
in  orbital  coordinate  system 


0,45... 0,9  mkm, 
by  frame, 

160. ..320  km, 

160  m, 

no  less  then  256  Kbit/s 


no  worse  then  2°  (a). 


Microsatellite  will  be  injected  into  circular  orbit  of  650  km  altitude  and 
inclination  82,5°  with  "Cyclon-3"  launch-vehicle  as  piggyback  in  combination  with 
"Sich-IM"  spacecraft  developed  by  Yuzhnoye  SDO. 

Creation  of  MC-l-TK  polished  configuration  is  supported  in  "Yuzhnoye"  SDO 
with  works  on  further  microsatellite  platforms  loading  of  the  concrete  missions  tasks. 
Consideration  of  the  potential  tasks,  which  are  expedient  to  the  setting  on  microsatellite, 
was  shown  they  are  in  all  major  directions  of  space  activities:  Earth  observation,  and 
communication  and  navigation,  and  basic  scientific  researches. 

First  step  in  this  direction  had  done:  on  the  microsatellite  base  "Yuzhnoye"  SDO 
realizes  the  elaboration  of  CC-1/  CC-2  subsatellites  for  international  "Poperedzhennya" 
Project  pursuing  the  goals  to  create  the  experimental  space  complex  for  satellite 
monitoring  of  Earth  seismic  activity  to  predict  earthquakes  and  with  using  it  to  carry  out 
vast  program  of  science  researches  for  the  search  and  study  of  the  earthquakes 
forerunners.  On  Project  the  scientific  institutions  and  specialists  of  Ukraine,  Russia, 
Poland,  Czechia,  Hungary,  England,  Sweden,  France,  USA,  Georgia  are  participating. 
CC-1/  CC-2  subsatellites  are  built  on  the  base  of  MC-3  platform  and  injected  into  orbit 
together  with  main  SC  by  "Cyclon-3"  launch- vehicle,  and  they  realize  the  active/ 
electromagnetic  monitoring  of  ionosphere  plasma. 

In  reference  to  Earth  observation  tasks,  the  microsatellites  are  represented  by  the 
optimal  instrument  to  service  the  sufficiently  large  and  stable  circle  of  Consumers  which 
uses  multiareas  information  of  a  middle  discrimination  on  the  constant/  regular  base. 
Using  data  received  from  such  SC's  there  are  solved  on  the  state/  regional  levels  the 
tasks  of  the  agriculture/  wood  land/  water  economies,  and  environmental  monitoring  and 
geology,  and  etc.  With  the  complete  considering  of  the  tasks  specific  features  requiring, 
as  a  rule  an  observation  from  sun-synchronous  orbit  of  altitude  about  650  km,  and 
regularity  for  information  renewing  of  1...2'  days,  and  the  optical/  electronic  devices 
medium  discrimination  30...  100  m  in  observation  band  360.. .500  km,  for  middle 
latitudes  of  observation  it  will  enough  to  use  the  orbital  constellation  of  3... 4  SC's. 
Constellation  of  that  size  in  one  orbital  plane  with  mass  of  every  satellite  up  to  300  kg 
may  be  built  using  only  single  launch  of  "Dnepr"  type  launch-vehicle.  This  example  is  a 
good  illustration  of  the  possibilities  appearing  transfer  to  the  microsatellites  usage. 
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Presented  positing  task  practical  realization  is  planned  to  be  realized  in 
MC-3-/J33  project  frame.  The  project  foresee  a  creation  on  the  MC-3  modification 
platform  base,  improved  at  the  "Poperedzhennya"  Program  execution  and  ground 
infrastructure  of  the  control  devices  and  information  receiving/  processing  which  are 
provided  functioning  it.  On  the  micro  satellite  board  there  are  mounted  two  scanners  of  a 
visible  band  with  data  compressing  and  hardware  of  the  special  informational  radioline 
of  frequencies  range  8,2  GHz.  The  following  characteristics  of  the  measuring  - 
informational  complex  are  presented  below: 


discrimination  40  m 

observation  band  (for  two  scanners)  470  km 

spectrum  channel  number  3 

channel  spectrum  band  0,45. ..0,52  mkm 

0,52. ..0,59  mkm 
0,62.. .0,68  mkm 

data  compressing  factor  >2 

informativity  of  radioline  32  Mbit/s. 


Important  special  feature  of  Project  is  intention  to  equip  a  satellite  with 
apparatus  facilities  for  the  shooting  options  control  of  the  observation  areas  individual 
objects  by  user  from  the  regional  centers  of  information  reception  directly  (SEE 
technology,  patent  of  Ukraine  N°95030965  of  01.03.95).  This  will  allow  to  realize  the 
claim  fulfillment  with  maximal  effectiveness,  as  possible  (in  the  real  scale  of  time),  and 
to  provide  by  more  correct  consideration  of  the  meteorological  factors  an  yield  of  the 
standard  quality  goods  production  near  to  1 00%. 

To  the  project  merits  it  should  be  disposed  also  using  the  satellite  navigation 
hardware  in  microsatellite.  Using  its  data  in  the  information  ground  processing  will 
allow  to  obtain  a  highly  accuracy  of  information  coordinate  fastening. 

Calculation  shows  it  may  be  selected  such  altitude  of  the  sun-synchronous  orbit 
of  range  600.. .800  km  in  which  constellation  of  2.. .3  microsatellites  phased  even  in 
single  orbital  plane  may  support  a  periodicity  of  Earth  surface  overall  viewing  on 
Ukraine  latitude  of  3.. .5  days  for  working  of  one  scanner  and  2...3  days  it  two  scanners 
have  been  switched  simultaneously. 

Engineering  solutions,  foreseen  in  the  system,  allows  to  organize  with 
considering  worldwith  of  the  service  area  realized  by  orbital  constellation,  and  deep 
international  partnership,  both  on  elaboration  and  the  system  exploitation  stages. 
Yuzhnoye  SDO  will  welcome  only  involving  the  foreign  firms  to  MC-3-jO[33  Project 
development  in  the  part  of  delivering  the  observation/  communication  hardware  (with 
data  processing  by  first  1...2  satellites  of  MC-3-jf33  type),  and  control  of  with  the 
hardware  of  observation,  and  receiving  of  information  by  the  existing  world  network  of 
the  receiving  stations.  Payment  of  the  works  to  elaborate  and  adopt  SEE  technology  into 
MC-3-/J33  Project  is  realized,  in  this,  by  the  firms  -  developers  as  a  quote  contribution 
to  the  Earth  observation  operational  system  creation  through  the  international 
consortium  model  and  with  further  participating  of  firm  in  dividing  of  profits  from 
commercial  using  of  system. 

In  the  fields  of  navigation  and  communication  the  microsatellites  using  may 
prove  to  be  efficient  solving  the  task  of  the  differential  radionavigation  satellite  system 
building.  On  Ukraine,  with  together  European  institution,  NIIRI  joint-stock  company, 
Kharkov,  is  engaged  by  this  problem  on  the  system  level  Yuzhnoye  SDO  participating 
in  the  part  of  the  system  space  segment.  MC-3-PH  microsatellite,  of  MC-3  base 
modification,  equipped  by  onboard  navigation  complex  will  compose  the  material  base 
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of  the  low-orbital  SC's  constellation  which  make  up  shaping  and  transfer  of  the 
navigation  signals  similar  to  signals  of  NAVSTAR/TJIOHACC  which  contain  the 
microsatellites  ephemerides  and  data  the  navigation  satellites  constellation  integraticity 
about,  and  differential  information.  As  calculations  show,  at  altitude  up  to  2000km  and 
inclination  64°  the  orbital  constellation  must  count  36,  48  and  72  apparatus  for  the 
continuous  one-number/  double-number/  three-number  observation  of  whole  Earth 
surface  consequently. 

Like  MC-3-/J33  Project,  this  Project  also  have  the  science-engineering/ 
organizational  premises  to  realize  it  on  the  international  cooperation  base. 

Lastly,  it  needs  to  be  taken  up  the  possibilities  of  using  the  microsatellite 
technologies  to  carry  out  the  biologic/  biotechnologic/  technologic  researches  in  the 
base  sciences  field.  These  researches  forms  the  considerable  part  of  the  program  on  the 
science  experiment  conducting  at  International  Space  Station. 

As  experience  of  "Mir"  orbital  station  exploitation  implies,  it  is  unlikely,  that  the 
manned  large-size  space  constructions  may  be  considered  as  an  ideal  place  to  carry  out 
the  delicate  technological  experiments.  The  crews  presence  on  board  of  station  and  their 
vital  activities,  which  are  sources  of  the  considerable  dynamic  exciting,  and  the 
vibrational  overloads  connected  with  the  station  body  deformation  and  the 
thermoregulation/  vital  provision/  orientation/  stabilization  systems  operation  are 
responsible  for  existing  of  overloads  up  to  10‘3go.  There  are  unduly  high  overloads  for 
the  number  of  the  delicate  processes  which  requires  the  microgravity  level  up  to  10'6go 
but  in  the  some  cases  (hydromechanics,  heat-mass-transfer,  physics  of  the  condencated 
state,  and  etc.)  -  still  more  higher. 

Consequently,  it  is  appropriate  to  distribute  rationally  the  researches  complex 
and  the  applied  tasks  between  different  types  of  the  space  facilities  to  have  been 
conducted. 

Yuzhnoye  SDO  offer  to  elaborate  the  space/  technological  complex  on  MC-l-ET 
satellite  of  the  MC-1  modification  base  which  should  provide  a  realization  of  more  rigid 
requirements  to  the  microgravity  level  as  compared  with  the  manned  stations  at  the 
sacrifice  of  the  automatic  spacecrafts  advantages  usage.  A  distinctive  property  of  this 
complex  is  the  introducing  in  the  microsatellite  composition  the  escaped  module  and  the 
landing  complex  setting  up. 

On  this  setting  up  of  question  the  offered  space  complex  is  not  opposed  to  ISS, 
but  adds  it  in  the  field  of  the  principal  interest  for  the  researchers  and  the  developers. 

MC-l-ET  microsatellite  provide  the  following  conditions  for  replacement  and 
functioning  of  the  research  devices: 

level  of  the  background  microgravity  1 0  5go 

payload  mass  5  kg, 

payload  volume  0250mm  X  300mm, 


power  supplied: 
average  dayly 

sessionaly 


5Wt, 

20Wt  per  5min. 


Having  engineering  properties  needed  to  set  up  the  scientific  experiments, 
MC-l-ET  microsatellite  will  be  distinguished  also  by  relatively  low  cost  of  the  services 
offering,  including  from  the  fact,  that  the  important  part  of  the  engineering  solutions  on 
MC-l-ET  microsatellite  is  polished  through  MC-l-TK  microsatellite  building. 
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In  such  manner,  Yuzhnoye  SDO  have  an  expanded  program  on  the  microsatellite 
technologies  mastering/  development/  usage,  and  ready  to  the  international  cooperation 
in  this  field. 
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Advanced  high  class  launch  vehicles 

A.I.  Kiselev,  A.A.  Medvedev,  V.K.  Karrask,  E.I.  Motoray,  V.Y.  Yuryev 

Khrunichev  GKNPTs 
121309,  18  Novozavodskaya  st.,  Moscow 
Phone  ;  Fax 

This  report  includes  prerequisite  for  creation  of  light  class  advanced 
launch  vehicles  using  unified  family  of  “Angara”  LVs,  which  are  designed 
now  in  M.V.  Khrunichev  GKNPTs.  Some  LV  variants  and  prospects  of  their 
future  use  are  described.  The  project  LVs  characteristics  are  set  forth.  Prob¬ 
lems  of  use  of  the  existing  production  base,  mounting  and  launch  sites  are 
considered. 

The  LV  modification  using  reusable  booster  for  the  first  stage  is  consid¬ 
ered  too. 


A.  Kiselev 


KoHUteiiipifl  MHKpocnyTHHKa  “KoMnac”,  3anycKaeMoro  c  noflBojpaoH 
JIOflKH  J1J151  H3yqeHHH  npe^BeCTHHKOB  3eMHbIX  KaXaCXpOtj) 

B.H.  OpaeBCKHH,  A.B.  AjieKceeB,  B.C.  ^OKyKHH,  K).B.  PyxcHH 

H3MHPAH 

142092,  r.  TpoHiiK  Mockobckoh  o6ji.  Pocchh 

H.H.  BejiHHKO,  K).  HHKyjiHH,  A.  Cjiexa,  T.  CbixbiH 
rpij  hm.  B.n.  MaKeeBa 
r.  Mnacc,  Pocchh 

CncTeMa  Majibix  cnyxHHKOB  Moxcex  6bixb  ocoOeHHO  nojie3Ha  b  jiejie 
oOHapyxceHiw  rjioOajibHbix  h  peraoHajibHbix  cexen  reojiormiecKHX  pa3JioMOB 
npH  iuiaHHpoBaHHH  noHcxa  hctohhhkob  MHHepajibHbix  pecypcoB  h 
nporHO3Hp0BaHHH  pa3pyniHTejibHbix  3eMjiexpaceHHH. 

H3BeCTHO,  HTO  HiyOoKHe  T(iKTOHHLieCKHe  pa3JIOMbI  HBJItflOXCH  30HaMH 
KonpeHTpapnH  HanpaxceHHii,  KaHajiH3apHH  noxoKOB  JKHflKocxeH,  ra30B, 
H3MeHeHHB  HaMarHHHeHHOCXH  H  ajieKTponpOBOflHMOCTH  nopoa,  nOHBJieHHB 
bmcokhx  ajieKTpHHecKHX  noTeKPHaaoB  h  T.a.  TeKToronecKHe  paajioMbi 
CB«3biBaioTCB  TaKxe  c  reoflHHaMHHecKHMH  CTpyKTypaMH,  o6pa3yiomHMH 
3ohw  noBbiineHHOH  HyBCTBHTejibHOCTH  hjih  30Hbi  onacHbix  npHpojiHbix 
HBJieHHH. 

CjiejiyeT  oTMeraTb,  hto  ein,e  b  1979  r.  cnyxHHKOM  “HHTepKOCMOc-19” 
6hjio  3a<J)HKCHpoBaHo  pe3Koe  noBbinieHHe  HHxeHCHBHoexn  H3jiyneHHH 
HH3KoliacTOTHoro  3jieKxpoMarHHXHoro  inyMa  Ha#  3ohoh  3eMJiexpHceHHH, 
HaxoziHBineroca  b  cxajjHH  paaBHTHH  hjih  peajiH3anHH.  Pe3yjibTaTbi 
COBMeCTHOH  o6pa6oTKH  aaHHbIX  no  HH3KOH  a  C  T  OTH  OMy  H3JiyqeHHIO, 
KopnycKyjwpHbiM  noTOKaM,  a  xaKace  xeMnepaxype  h  iuioxhocxh  nria3Mbi 
no3Bojmjia  HaM  oOnapyxcHTb  aoxojie  HeH3BecxHbiH  3(J)(J)eKX  reHepHpoBaHHH 
HH3KOTiacxoxHLix  iiiyMOB  b  npocxpaHcxBe  naji  rjiySoKHMH  pa3JioMaMH 
3eMHOH  KOpbl. 

Mexoa,  onHcaHHbiH  Bbiine,  MBJiacxca  BajKHbiM  jionojiHeHHCM  k 
Hcnojib30BaBiiiHMCH  paHee.  npH  KOMSHHHpoBaHHH  c  flpyrHMH  MexojjaMH  oh 
no3BOjiaex  peniHXb  aiejiyioipne  npoSjieMbi: 

H3yHeHHe  pa3JIOMOB  KaK  npOBOflHHKOB  XeiUIOBblX  H  JKHJIKOCXHbIX 
3IIJJOrCHHbIX  nOXOKOB; 

oSHapyjKeHHe  h  HccjiejjoBaHne  pa3jiOMOB,  oxBexcxBeHHbix  3a 
pacnpeflejieHHe  3ajiexceH  Hecfmi  h  ra3a; 

HCCJiejioBaHHe  xeKTOHimecKOH  aKXHBHocxH  pa3jioMOB  h  oSHapyxceHHe 
npe^EBecxHHKOB  3eMJiexpnceHHH. 

PeajiH3au.HU  Mexojia  nojDKHa  6a3HpoBaxbc«  Ha  HccjieflOBaHHH 
ajieKxpoMarHHXHbix  nojien  pa3jiHHHOH  HHxeHCHBHOcxn  h  nacxoxbi,  a  xaioKe 
xemioBbix  nojien  c  noMonibio  cjiojkhoh  cncxeMbi  o6pa6oxKH  MHtjiopManHH. 
KpoMe  xoro,  Moryx  6bixb  Hcnojib30BaHbi  cymecxByioiHHe  MHoronHcjieHHbie 
flaHHbie  no  HaGjnojjeHHHM  3eMHOH  noBepxHocxn  c  noMom,bK> 
xe ji e BH3HOHHbix  h  <j)oxorpa(j)HHecKHX  CHexeM.  Pa3pa6axbiBaeMbiH  cenaac  b 
Pocchh  Mexofl  HOHoctJjepHOH  xoMorpa<J)HH  xaoce  Moxcex  6bixb 
nepcneKXHBHbiM  zuih  peineHHH  3thx  sajian. 


C  uejibio  cHH»ceHHH  ctohmocth  ,0,33  H3  KocMoca  npe,miaraeTca 
pa3MecTHTb  KOMiuieKT  nayiiHoro  o6opyaoBaHHa  Ha  Majibix  cnyTHHKax.  J\m 
HayaeHHa  npocTpaHCTBeHHO-BpeMeHHOH  cTpyKTypbi  reojrHHaMHaecKHX 
npou;eccoB  HeoGxojiHMO  pa3MecTHTb  b  OKOJioseMHOM  npocTpaHCTBe  6ojibinoe 
qHcao  H3MepHTcjibHbix  chctcm  paajmaHoro  Ha3HaaeHHa  mn 
aojiroBpeMeHHbix  H3MepeHHH,  T.e.  3anycTHTb  Sojibinoe  hhcjio  Majibix, 
cpemiajra3HpoBaHHbix  cnyraHKOB,  ocHameHHbix  KOMmieKTOM  CTaHwapTHoro 
H3MepHTejibHoro  o6opyflOBaHHH  ztJisi  npneMa  HHcjjopMaiiHH  06 
ajieKTpoMarHHTHOM  H3jiyaeHHH  b  paajiHMHbix  ZHianaaonax  aacTOT. 

B  Hacroamee  BpeMa  mi>i  pa3pa6aTbiBaeM  hobmh  6a30Bbiii  KA 
“KoMnac-niTHjib”,  aaanxHpoBaHHMH  jn la  pemeHna  nrapoKoro  Kpyra  aaziaa 
no  pa3JioMaM. 

riepBbiH  MHKpocnyTHHK  KOMIIAC  iwaHHpyeTca  3anycTHTb  Ha  opOHTy 
b  2000  r.  c  iiojibojihoh  jioakh  67  BflPM  Ha  6opTy  GajuiHC'raaecKOM  paKCTbi 
PCM-54. 

3tot  MHKpocnyTHHK  (MC)  paspaOaTbiBaeTca  TPU,  hm.  B.II.  MaKeeBa 
h  H3MHPAH  npn  nojmepxoce  Pocchhckoto  KocMHaecKoro  areHTCTBa, 
MHHHCTepCTBa  oGopoHbi,  Pocchhckoh  aKajjeMHH  HayK  H  MHHHCTepCTBa 
HayKH. 

MC  KOMIIAC  bccom  okojio  70  kt  HaxoflHTca  b  cTajpiH  pa3pa6oTKH. 
ruiaHHpyeTca  BbiBecra  ero  Ha  KpyroByio  op6HTy  bmcotoh  400  km  h 
HaicnoHeHHeM  79°. 

OcHOBHbie  3aB,aaH  npoeKTa  KOMIIAC  TaKOBbi: 

pa3pa6oTKa  mctojiqb  oTCjieaoiBaHHa  h  nporao3HpoBaHHa  KaTaKJiH3MOB 
Ha  6a3e  KoopjiHHHpoBaHHoro  Ha6jiio/ieHHa  Ha  3eMjie  h  H3  KocMoca  3a 
MBJieHHaMH-npe,iimecTBeHHHKaMH  aeMjieTpaceiiHH; 

pa3pa6oTKa  MeTOflOB  MOHHTOpHHra  aHTponoreHHbix  KaTacTpocfr, 
H3yqeHHe  ajieKTpoziHHaMHaecKHX  cBa3en  aTMoc<|)epbi,  HOHOcc|)epbi  h 
MaraHTOc<J)epbi; 

pa3pa6oTKa  TexHOjiorHH  MHKpocnyraHKOB; 

jieTHbie  HcnbixaHHa  H3MepHTejieH  xapaicrepHCTHK  mia3Mbi. 

KoMruieKT  HayaHoro  o6opya;oBaHHa  KOMELACa  BKJiioaaeT: 
cneKipoaHajiH3aTOp  bojih  oaeHb  hh3KHx/hh3khx  aacTox; 
pa^HoaacTOTHbiH  cneKTpoanajiH3aTop; 

3  -OCHblH  MarHHTOMeTp; 
paaHoxoMorpacJjHaecKHe  npHeMHHKH; 

np He mhhkh  CBM; 
aHajiH3aTop  aHepran  aacTHU,; 

H3MepHTejib/reHepaTOp  rma3Mbi. 

KA  KOMIIAC  HMeeT  4  naHejra  cojiHeaHbix  OaTapen,  KOMiuieKT 
aHxeHH  h  KOHcojib  c  ^aTHHKaMH.  I3,o  oraejicHHa  ot  HOCHTejia  KA  3aKJiioaen 
b  cnennaJibHO  pa3pa6oxaHHOH  Kancyjie  jwa  aamHTM  ot  bbicokhx 
TeMnepaTyp  h  cTpyn  paKeTHoro  flBHiaxejia. 

KA  BbirjiaflHT  KaK  aeTbipexrpaHHaa  yceaeHHaa  nnpaMHfla  c 
3a6opHHKOM  na  aaHHOH  roiocKOCTH.  Bee  oOopyAOBaHHe  3aKjnoaeHo  BHyTpn. 
KA  rpaBHTaHHOHHO  CTa6HJIH3HpOBaH  BZIOJIb  npOflOJIbHOH  OCH  C  TOHHOCTblO 
okojio  5  rpaaycoB.  IIojioaceHHe  MC  6yaex  paccaHTbiBaTbca  no  aaHHbiM  ot 
3-ochoto  MarHHTOMeTpa  h  cojraeaHbix  jiaTBHKOB  c  ToaHOCTbio  okojio 


oflHoro  rpaayca. 

CncTCMa  3HeprocHa6:aceHHH  BKJiicmeT  HHKejib-KaaMtieByio  SaTapeio 
eMKocTbio  4  A-h.  h  cojiHeHHbie  SaTapeH  roioiiwtbio  1  m2  h  reHepHpyeT 
MomHOCTb  50  Ban  npH  HanpMxeHHH  27  Bojibt. 

Bee  cncTeMbi  h  npnCopbi  MHKpocnyTHHKa  KOHTpojiHpyioTc  a 
ii;eHTpajibHbiM  MHKponpou,eccopoM,  KOTOpbiH  o6ecneHHBaeT  BbinojiHeHHe 
paSoneii  HHKjiorpaMMbi,  c6op  ztaHHbix,  o6pa6oTKy  SopxoBOH  HHtjjopMamiH 
h  TejieMeTpHio,  a  TaioKe  B3anMo^eHCTBHe  KOMaH^Hbix  jihhhh. 

Ha3eMHbie  nyHKTbi  TeaeMeipHH  h  oGopyaoBaHHe  ynpaBJieHna 
Haxo/piTca  b  Tpomjice  (H3MMPAH). 


B.  OpaeBCKHH 


The  General  Conception  of  the  Microsatellite  COMPAS  to  Be  Launched 
from  Submarine  to  Study  of  the  Earthquakes  Forerunners 

V.N.  Oraewsky,  A.V.  Alekseev,  V.S.  Dokukin,  Yu.Ya.  Ruzhin 
Institute  of  Terrestrial  Magnetism,  Ionosphere  and  Radio  Wave  Propagation 
RUSSIAN  ACADEMY  OF  SCIENCES  (IZMIRAN) 

Troitsk,  Moscow  Region,  142092,  Russia 

1. 1.  Velichko,  Yu.  Nikulin,  A.  Sleta,  G.  Sytyi 
State  Rocket  Center  named  after  Makeev,  Miass,  Russia 

The  system  of  the  small  satellites  can  be  especially  important  for 
revealing  and  research  of  global  and  regional  net  of  geological  faults  in  an 
effort  to  plan  searches  of  mineral  resources  and  to  forecast  destructive 
earthquakes. 

The  deep  tectonic  faults  are  known  to  be  zones  of  concentration  of 
stresses,  canalization  of  fluids,  aerosols  and  gases,  change  of  magnetization 
and  electro-conductivity  of  rocks,  appearance  of  high  electrical  potentials  and 
so  on.  Also  the  tectonic  faults  are  associated  with  the  geodynamical  structures 
which  form  the  zones  of  elevated  seismicity  or  zones  of  dangerous  natural 
hazards. 

Note,  as  early  as  1979  the  abrupt  increase  of  intensity  of  the  low 
frequency  electromagnetic  noise  emissions  was  detected  by  satellite 
“Intercosmos- 19”  over  a  zone  of  earthquake  being  in  stage  of  preparation  or 
realization.  The  results  of  joint  processing  of  the  data  of  low-frequency 
emission,  corpuscular  flows  as  well  as  temperature  and  density  of  plasma 
permitted  us  to  reveal  the  previously  effect  of  the  generation  of  low  frequency 
noises  in  space  over  the  deep  faults  of  the  earth  crust. 

The  method  described  above  is  the  important  addition  to  those  being  in 
use.  By  combining  with  another  methods  it  allows  solving  the  next  problems: 

studying  the  faults  as  conductors  of  heat  and  fluid  endogenous  flows, 

revealing  and  studying  the  faults  which  are  responsible  for  the 
distribution  of  oil  and  gas  deposits, 

studying  the  tectonic  activity  of  the  faults  and  detecting  the  earthquake 
forerunners. 

The  realization  of  the  method  should  be  based  upon  investigation  of  the 
electromagnetic  fields  of  different  intensity  and  frequency  as  well  as  the  heat 
fields  with  the  use  of  complex  system  of  information  processing.  Besides,  the 
existing  extensive  data  on  earth  surface  survey  provided  with  television  and 
photographic  systems  are  going  to  be  used.  The  developing  now  in  Russia 
method  of  ionosphere  tomography  also  is  very  perspective  for  that. 

To  reduce  the  cost  of  remote  monitoring  of  the  Earth  from  space  it  is 
offered  to  place  complete  sets  of  the  scientific  equipment  on  the  small 
satellites.  To  study  spatial  -  temporary  structure  of  geodynamic  processes  it  is 
necessary  to  place  at  near-earth  space  large  number  of  measuring  systems  of 
various  assignment  for  long  time  measurements,  i.e.  launch  of  large  number 
of  small,  specialised  satellites  equipped  with  a  set  of  the  standard  measuring 
equipment  for  reception  of  the  information  on  electromagnetic  radiation  in 


various  frequency  ranges. 

Now,  we  are  developing  a  new  basic  small  spacecraft  “Compas  -  Shtill” 
adapted  for  solving  large  area  of  the  problems  of  faults. 

The  first  microsatellites  COMPAS  is  planned  to  launch  to  the  obit  on 
2000  year  from  submarine  667  BDRM  by  sea  ballistic  rocket  RSM-54. 

The  microsatellite  (MS)  is  designing  by  State  rocket  Center  named  after 
Makeev  and  IZMIRAN  and  supported  by  Russian  Space  Agency,  Ministry  of 
Defence,  Russian  Academy  of  Science  and  Science  Ministry. 

The  MS  COMPAS,  weighting  about  70  kg,  now  is  under  designing.  It  is 
planned  to  place  it  on  circular  orbit  with  height  400  km  and  inclination  79°. 
The  main  tasks  of  the  project  COMPAS  are: 

development  of  the  methods  of  monitoring  and  forecasting  of  natural 
disasters  on  the  base  of  coordinated  monitoring  at  the  earth  and  from  space 
the  pre-earthquake  phenomena; 

development  of  the  methods  of  monitoring  of  man  made  catastrophes; 
study  of  electrodynamical  cuppling  of  the  atmosphere,  ionosphere  and 
magnetosphere; 

development  of  the  technology  of  the  microsatellites; 
flight  test  of  plasma  traster. 

The  set  of  scientific  instruments  of  the  COMPAS  includes: 
very  low/low  frequency  wave  spectr-analyzer; 
radio  frequency  wave  spectr-analyzer; 

3  axis  magnetometer; 
radiotomography  receivers; 

UHF  receivers; 
energetic  particle  analyzer; 
plasma  traster/generator. 

The  COMPAS  spacecraft  is  one  unite  with  4  opening  wings  of  solar 
panels,  set  of  antennas  and  booms  with  the  sensors.  Before  the  spacecraft 
separation  from  the  launcher  it  is  carried  inside  specially  designed  capsule  to 
protect  it  from  the  high  temperature  and  exhaust  of  rocket  engine.  The 
spacecraft  looks  like  four  plane  cutted  pyramid,  with  the  traster  on  the 
bottom  plane.  All  the  equipment  is  placed  inside  on  the  walls.  The  spacecraft 
is  gravitationly  stabilized  along  longitudinal  axe  with  the  accuracy  about  5 
degrees.  The  attitude  of  MS  will  be  calculated  on  the  data  base  of  3 -axis 
magnetometer  and  solar  sensors  with  the  accuracy  about  one  degree. 

The  system  of  power  supplement  includes  4Ah  Ni-Cd  battery  1  m2  of 
solar  panels  and  provides  up  to  50  Watts  and  27  Volts. 

All  systems  and  instruments  of  the  microsatellite  are  controlled  by 
central  microproceesor,  which  provide  the  operation  cyclorama,  data 
collection,  onboard  data  processing  and  telemetry  and  command  lines 
interfaces. 

Ground  based  telemetry  and  control  equipment  are  placed  at  Troitsk 
(IZMIRAN). 


V.  Oraevsky 


Majirne  kocmhh e ctcue  annapaTM  c  iuia3MennbiMH  flBHraTejwMH  aah 
eayaHbix  uccjieAOBaHHH  h  aah  pemeiraa  npHKJiaAHWX  saAaa. 


B.M.  BajieSaHOB,  A.B.3axapoB 
HKH  PAH,  r.MocKBa 
P.S.CaraeeB 

MepHJieHACKHH  yHHBepCHTeT,  CHIA 
E.n.^IojironojioB,  K.M.HiiaxaAae 
Hno  HM.  JlaBO^KHHa,  r.XHMKH  M.O. 
r.A.E<3>peMOB,  n.il.HocaTeHKO 
HnO  MAIH,  r.PeyroB  M.O. 

A. A. MeABe^eB,  B.fl.XaTyjieB 
rKHnU,  hm.  XpyHHraeBa,  r.MocKBa 

HccjiejiyioTca  bo3mo)khoctii  ncnojib30BaHHa  Majibix,  Maccon  nopaAKa 
coTeH  KHJiorpaMM,  KOCMHHecKJHX  annapaTOB  pji a  pemeraia  HayqHbix  h 
npHK/iajiHbix  3a^ali. 

4)OpMHpOBaHHa  Heo6xOAHMbIX  Op0HT  3THX  KA  npHMenaiOTCH  3PJI 
Majioii  (nopaAKa  10  r.)  Tara,  ho  6ojibuioro  pecypca  (m  10.000  aacoB)  -  Tax 
Ha3biBaeMbie  cTapHOHapiibie  njiaaMeinibie  ABHraTejiH  (CF1/1,). 

npHBeAeHbi  peayjibTaTbi  SajuracTHaecKHX  pacaeTOB,  paajiHMHbix 
HayqHbix  mhcchh: 

-  nojieT  k  JlyHe,  BeHepe,  Mapcy; 

-  Hiyaeime  cnymHKOB  Mapca; 

-  BbiBOA  b  Toqxy  JlarpaHsca  ajih  Hayaemia  cojnieaHOH  aKTHBHOcTH ; 

-  noA6T  k  acTepoHAaM; 

-  HccAeAOBaHHe  paAMaiiHoniibix  noacoB  3eMAH. 

PaccMOTpeHbi  bo3M  oxu  o  cth  TaKHX  annapaTOB  Aaa  co3AaHna 

KocMHaecKOH  cHCTeMbi  HaSaioAciraa  3eMAH. 

npeAAoxceHbi  HOBbie,  6ojiee  atJwJjeKTHBHbie  h  AemeBbie  cnocoObi 
co3AaHHa  h  BbiBeAeHHa  MaAbix  TeaeKOMMyHHKaiiHOHHbix  KA  Ha 
reocTanHOHapHyio  op6HTy. 


B.EaAeSaHOB 


MiiKpo-  h  Mantie  cnymHKH  SSTL 

MapTHH  Cbhthht,  ^chmc  KepaBajia 
SSTL,  Surrey 

Guildford,  Surrey  GU2  5XH,  UK 
Tel:  (44)  1483  25928,  Fax:  (44)  1483  259503 

HsMeHeiine  MHpOBOH  noJIHTHKH  H  BOeHHbIX  npHOpHTeTOB  npHBHeCJIO 
3 1 iaif htcji tH o c  flaBJieHHe  Ha  cjiMHaHcoBtiH  6K)flxceTti  KocMHuecKHx  areHTCTB. 
Bio/i>KCTHbie  orpaHnueHHa  Hap any  c  pa3pa6oTKaMH  b  MHKposjieKTpoHHKe 
KaT2JiH3HpoBajiH  Hcnojit30BaHHe  Manbix  cnyrHHKOB  KaK  “Gojiee  GbicTpoe, 
Jiyumee  h  nemeBoe’"  cpe^cTBo  peajTH3anHH  KocMHHecKHX  3a,n,au  —  b 
flonojiHeHHe  k  Tpapnn h oh h bi m  GojibiHHM  cnyTH h  ko  b  i>i  m  cHCTCMaM.  O/maKo, 
ziocTyriHtie  Majibie  cnymHKH  xpeGyioT  coBepmeHHo  npyroro  nonxo/ia  k  yxce 
npHHBTblM  MeTO/iaM  KOCMHHeCKOH  TeXHHKH.  C  1979  TOfla  YHHBepCHTeT  B 
Cappee  ( B  en  MKoGp  htuhm  a)  nauaji  paGoTy  b  oGjiacra  skohomhhhoh 
cnyTHHKOBOH  TeXHHKH  h  pa3pa6oTaji  pejiyio  cepmo  Hpe3BtraaHHo  cjkkkhmx 
h  TeM  He  MeHee  Hepoporax  “ MHKpocnyTHHKOB ” ,  co3ziaHHbix  3a  $3  mjih. 
H  eTbipHannaTb  TaKHX  MHKpocnyTHHKOB  GbuiH  3anymeHbi  CappeeM  Ha 
HH3KyK>  0K0J103eMHyi0  opGmy  C  IHHpOKHM  PMaiiaBOHOM  nojie3Hbix  Harpy30K 
KaK  BoeHHbix,  TaK  h  rpancflaHCKHx:  KocMHHecKaa  cBH3b,  pHCTannHoimoe 
so HflHpoBaHHe  h  fleMOHCTpauHH  TexHOJioraii  Ha  opGirre.  IIIecTb  nporpaMM 
MHKpocnyTHHKOB  TaiGKe  oGecneuroiH  cpepcTBa  pjui  bbicoko 
ripo(l)eccHOHajibHOH  nepepann  cnyTHHKOBOH  TexHonoraH  h  oGyiaioinHX 
nporpaMM  MOKpy  CappeeM  h  hobbimh  kocmhu ecKHMH  CTpaHaMH  TaKHMH 
KaK  Kopen,  IIopTyrajiHfl,  IlaKHCTaH,  iOxaian  AcJjpMica,  Hwjih,  CHHranyp, 
MajiaH3HH  h  TanjiaHfl  —  npHBepH  k  3anycKy  hx  nepBbix  HapHoi  rajibHbix 
cnyTHHKOB  (HanpHMep,  KITSAT-1  h  2,  PoSAT-1,  BADR-1,  TMSAT  h 
FASat-Bravo),  oGecneHHBan  GticTpoe  pearapoBarme,  HH3KHH  pncK  h 
pocrymibiM  pocTyn  b  kocmoc.  Kocmhhbckhh  Ifeirrp  b  Cappee  npepnaraeT 
yHHKajibHoe  coueiaHne,  oGtepHHHioinee  aKapeMHuecKHe  HccjiepoBaiiHH  h 
acnHpaHTCKoe  oGyueHHe  c  komm e  p  ae  c  koh  pa3pa6oTKoii  h  co3paHHeM 
cnyrHHKOB  uepea  cTepameByio  KOMnaHHio  Capped  CaTejia&T  TeKHOjiopjKH 
JItp,.  B  HacioHUjee  BpeMH  b  Cappee  co3paeTCH  hobbih  MHHHcnyTHHK 
(UoSAT-12)  BecoM  350  kt,  kotopmh  Gypex  3anymeH  b  anpejie  1999  ropa  h 
Ha  6opTy  KOToporo  hexophtch  Gopee  coBepuieiiHbie  nojie3Htie  Harpy3KH. 
CnyTHHK  coajiaeTCH  Ha  Gase  toh  xce  (J)hjioco(J)hh  skohomhphoh 
cnyTHHKOBOH  TeXHHKH,  H  OH  oGecneUHT  OCHOBy  PPH  nepBOH  HeflOpOTOH 
MexauiaHeTHOH  mhcchk  he  JlyHy  b  2001  ropy. 


M.  Cbhthht,  A*-  KepoBana 
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Changing  world  politics  and  military  emphasis  has  brought  considerable 
pressure  on  space  agency  financial  budgets.  Budgetary  pressure,  coupled  with 
developments  in  micro-electronics,  has  catalysed  the  use  smaller  satellites  as  a 
’faster,  cheaper,  better’  means  of  realising  space  missions  -  complementary  to 
conventional  large  satellite  systems.  Affordable  small  satellites,  however, 
require  a  very  different  approach  to  established  space  engineering  techniques. 
Since  1979,  the  University  of  Surrey  (UK)  has  pioneered  cost-effective 
satellite  engineering  techniques  for  small  satellites,  and  has  developed  a  series 
of  highly  sophisticated,  yet  inexpensive,  ‘microsatellites’  -  but  for  around 
US$3M  each.  Fourteen  such  microsatellites  have  been  launched  by  Surrey 
into  low  Earth  orbit  carrying  a  wide  range  of  satellite  communications,  space 
science,  remote  sensing  and  in-orbit  technology  demonstration  payloads 
both  civil  and  military.  Six  microsatellite  missions  have  also  provided  the 
focus  and  means  for  a  highly  successful  satellite  technology  transfer  and 
training  programme  between  Surrey  and  emerging  space  nations  such  as 
Korea,  Portugal,  Pakistan,  South  Africa,  Chile,  Singapore,  Malaysia  and 
Thailand  -  leading  to  the  launch  of  their  first  national  satellites  (eg. 
KITSAT-1&2,  PoSAT-1,  BADR-1,  TMSAT  &  FASat-B)  -  providing  rapid 
response,  low  risk  and  affordable  access  to  space.  The  Surrey  Space  Centre 
offers  a  unique  environment,  combining  both  academic  research  and 
postgraduate  teaching  with  commercial  development  &  manufacturing  of 
satellites  through  its  spin-off  company.  Surrey  Satellite  Technology  Ltd.  A 
new  350kg  minisatellite  (UoSAT-12)  is  being  built  at  Surrey  for  launch  in 
April  1999  which  carries  more  demanding  payloads  within  the  same  cost- 
effective  satellite  engineering  philosophy  and  will  provide  the  basis  for 
Surrey’s  first  low-cost  interplanetary  mission  to  the  Moon  for  launch  in  2001. 
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BKcnepuMeHT  Ha  ocHose  poccHHCKO-aMepHKaHCKHX  cnyTHHKOB 
HaOjHo^eHHa  (PAMOC)  -  oto  coBMecTiiaa  poccHHCKo-aMepHKaHCKaa 
nporpaMMa  KOCMiraecKHX  Hccjie^oBaHHH  Ha  6a3e  ztByx  KA  ppi  a 
oflHOBpeMeHHoro  cromra  cTepeo-onTHraecKHX  H3o6paxceHHH  ana 
HCnOJIb30BaHHH  B  o6jiaCTH  HaOjUO^eHHH  H  MOHHTOpHHra  COCTOflHIW 
OKOJIOrHH. 

PAMOC  6yaeT  cocToaTb  H3  rpynnHpoBKH  flByx  cnyTHHKOB  h  Ha3eMHon 
CTaHHHH  ynpaBjieHHa.  OOa  cnyTHHKa  6ynyT  ocHameHbi  npuSopaMH 
nojiyneHHa  H3o6pa»ceHHH  b  bhzihmom  h  HHcjDpaKpacHOM  cneKTpax.  Ohh 
6ynyr  JieTaTb  no  opOnTe  c  HaKjioHeHneM  63-65°  h  bhcotoh  525  km. 
AMepHKaHCKHH  cnyTHHK  6yn,eT  BKjnouaTb  TpH  noflCHCTeMbi: 
MyjibTHcneKTpajibHbiH  pa^HOMCTp,  cxaHep  b  bh^hmoh  oGjiacTH  cneKTpa  h 
KaMepy  CCD  b  bhahmoh  oSjiacTH.  CnyTHHKH  6ynyr  ocHameHbi 
HeoSxoAHMoii  pazmonpneMHOH  n  nepe^aromen  annapaTypon  h  ynpaBJiHTbca 
H3  JIoraHa,  hit.  K>ra  h  H3  Mockbh. 
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The  Russian  American  Observation  Satellites  (RAMOS)  experiment  is  a 
joint  Russian-American  space  research  program  using  two  satellites  for  simul¬ 
taneous  stereo-optical  imaging  to  adress  common  concerns  in  the  areas  of 

surveillance  and  environmental  monitoring. 

RAMOS  will  consist  of  a  two-satellite  constellation  and  associated 
ground  support  station  operated  by  the  respective  countries.  The  Ameiican 
Observation  Satellite  (AOS)  will  carry  imaging  instrumentation  operating  in 
both  the  visible  and  infrared  regions.  The  Russian  Observation  Satellite 
(ROS),  will  carry  similar  Russian  sensors.  Both  satellites  will  be  launched 
into  a  high-inclination  (63-65  degree) circular  orbit  at  an  altitude  of  approxi¬ 
mately  525  km.  One  satellite  will  have  station-keeping  capabilities  to  main¬ 
tain  a  desired  and  variable  separation. 

The  AOS  will  consist  of  a  Commercial-Off-The-Shelf  (COTS)  space¬ 
craft  bus  and  three  sensor  subsystems:  a  multi-spectral  radiomerer,  visible 
push-broom  scanner  and  a  visible  CCD  camera.  The  bus  will  provide  the 
functions  of  command  and  data  handling,  telemetry,  data  storage,  state  of 
health,  and  power.  The  attitude  control  system  will  include  a  global  position¬ 
ing  receiver,  star  trackers  and  an  inertial  reference  unit. 

Mission  Operation  Centers  at  Logan,  Utah  and  Moscow,  Russia  will 
provide  planning,  scheduling,  commend  packet  development,  command 
transmission,  verification  of  execution,  State-of-Health  (SoH)  monitoring 
and  down-link  data  collection.  The  operations  centers  will  report  to  and  im¬ 
plement  feedback  from  the  Joint  Science  Team. 
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ABSTRACT 


The  Russian  American  Observation  Satellites  (RAMOS)  experiment  is  a  joint  Russian- 
American  space  research  program  using  two  satellites  for  simultaneous  stereo-optical  im¬ 
aging  to  address  common  concerns  in  the  areas  of  environmental  monitoring  and  defense. 


RAMOS  will  consist  of  a  two-satellite  constellation  and  associated  ground  support  stations 
operated  by  the  respective  countries.  The  American  Observational  Satellite  (AOS)  will  carry 
imaging  instrumentation  operating  in  both  the  visible  and  infrared  regions.  The  Russian  Ob¬ 
servational  Satellite  (ROS)  will  carry  analogous  Russian  sensors.  Both  satellites  will  be 
launched  into  a  high-inclination  circular  orbit  at  an  altitude  of  approximately  525  km.  One 
satellite  will  have  station-keeping  capabilities  to  maintain  a  desired  and  variable  separation. 


The  AOS  will  consist  of  a  Commercial-Off-The- Shelf  (COTS)  spacecraft  bus  and  three  sen¬ 
sor  subsystems:  a  multi- spectral  IR  radiometer,  visible  push-broom  scanner  and  a  visible 
CCD  camera.  The  bus  will  provide  the  functions  of  command  and  data  handling,  telemetry, 
data  storage,  state  of  health,  and  power.  The  attitude  control  system  will  include  a  global 
positioning  receiver,  star  trackers  and  an  inertial  reference  unit. 


Mission  Operations  Centers  at  Logan,  Utah  and  Moscow,  Russia  will  provide  planning, 
scheduling,  command  packet  development,  command  transmission,  verification  of  execu¬ 
tion,  State-of-Health  monitoring  and  down-link  data  collection.  The  operations  centers 
will  report  to  and  implement  feedback  from  the  Joint  Science  Team. 


INTRODUCTION 

RAMOS  is  a  research  program  with  multiple  scientific  objectives  included  in  the  dual  mis¬ 
sions  of  environmental  monitoring  and  data  gathering  for  defense  purposes.  All  the  science 
objectives  are  of  a  research  nature  in  that  they  are  novel  and  likely  to  succeed,  but  the  spe¬ 
cific  results  and  degree  of  success  cannot  be  predicted.  The  fundamental  environmental 
objective  is  to  conduct  multi-spectral  stereoscopic  observations  of  dynamic  phenomena  to 
assess  the  potential  usefulness  of  three-dimensional  images  of  dynamic  environmental  proc¬ 
esses  such  as  storms  and  natural  or  induced  catastrophes,  for  solving  diagnostic  and  predic¬ 
tion  problems.  The  fundamental  defense  objective  is  to  obtain  multi- spectral,  stereo-optical 
data  on  Earth  backgrounds  for  model  calibration  and  for  subsequent  support  of  future 
space-based  sensors  designed  to  detect  moving  objects  and  determine  their  parameters.  De¬ 
sign  guidelines  for  achieving  both  fundamental  objectives  will  include  optimizing  the  sys¬ 
tems  for  minimum  size,  weight,  power,  cost  and  risk. 
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ENVIRONMENTAL—  RAMOS  will  demonstrate  the  feasibility  of  using  defense-related 
assets  for  environmental  monitoring.  It  will  demonstrate  the  value  to  meteorological  fore¬ 
casters  and  modelers  of  real-time,  high-resolution  data  in  a  stereo-optical  or  three- 
dimensional  presentation.  This  capability  will  enable  investigators  to  measure  the  altitude  of 
cloud  tops  with  a  10-fold  improvement  in  accuracy  over  current  methods.  Cloud  fragment 
velocities,  freezing  point  altitudes  and  other  similar  measurements  will  greatly  enhance  fore¬ 
casters'  ability  to  predict  strength,  speed  and  surface  track  of  severe  storm  systems,  and  will 
minimize  the  need  for  costly  and  dangerous  aircraft  over-flights.  The  benefits  that  can  arise 
from  these  data— a  better  understanding  of  hurricane  evolution  and  wind  strength  prediction, 
for  instance— are  incalculable.  A  potential  payoff  is  the  ability  to  predict,  worldwide,  areas 
of  potential  hurricane  damage  with  sufficient  accuracy  and  timeliness  to  enable  orderly 
evacuations  and  save  lives.  The  ability  to  measure  cloud  elevations  and  velocities  will  also 
make  possible  early  warning  of  potentially  dangerous  effluent  clouds,  both  man-made  (e.g., 
industrial)  or  natural  (e.g.,  volcanic).  The  technology  will  greatly  improve  the  ability  to 
detect  and  track  oil  spills,  to  monitor  environmentally-critical  ocean,  lake,  crop  and  forest 
areas  for  signs  of  degradation,  and  to  detect,  track  and  map  airborne  contaminants.  Spe¬ 
cific,  environmentally-directed  science  objectives  of  the  RAMOS  program  include  the  fol¬ 
lowing: 


Climatological/Meteorological  Data:  Three-dimensional  processing  with  a  vertical  resolu¬ 
tion  of  100  meters  will  improve  current  approaches  of  inferring  cloud  heights.  Current 
methods,  which  use  LWIR  radiometric  data  coupled  with  temperature/altitude  soundings 
yield,  at  best,  accuracy  to  within  1  or  2  km.  Combined  with  on-board  spectro-photometric 
measurements  of  cloud-top  temperatures  (+  1  K),  the  RAMOS  cloud-height  measurements 
may  accurately  determine  the  intensities  of  tropical  cyclones  without  the  need  for  in-situ 
measurements  from  aircraft.  Furthermore,  direct  measurements  of  both  heights  and  hori¬ 
zontal  velocities  of  cloud  fragments  will  provide  better  information  on  the  atmospheric  wind 
field  as  a  function  of  altitude;  this  information  can  be  applied  directly  to  numerical  weather 
prediction.  In  combination  with  the  on-board  polarimetric  capability,  cloud-height  meas¬ 
urements  can  determine  the  altitude  at  which  cloud  tops  become  glaciated.  A  compilation 
of  these  data  will  provide  statistical  information  relevant  to  global  climate  modeling. 

Parametric  Effects :  RAMOS  will  study  the  effects  on  space  stereo  imaging  of  varying  the 
distance  between  the  sensors  in  the  orbit  plane  and  the  angle  outside  of  the  orbit  plane.  It 
will  also  study  and  evaluate  the  requirements  for  "real-time”  (simultaneous)  observations  as 
opposed  to  stereo  data  obtained  by  viewing  the  scene  later  in  time  by  the  same  satellite  at  a 
different  point  in  its  orbit.  This  will  address  the  questions  of  time-varying  geophysical  phe¬ 
nomena  driven  by  winds,  atmospheric  waves,  etc. 


Geophysical  Events :  The  program  will  demonstrate  the  value  of  stereo -optical  observation 
of  unexpected  ecological  phenomena  by  viewing  man-made  environmental  events,  military 
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conflicts,  and  geophysical  events  such  as  hurricanes,  tornadoes  and  volcanoes.  Stereo- 
optical  observations  also  provide  the  opportunity  to  probe  at  high  resolution  the  three- 
dimensional  structure  of  the  temporally  and  spatially- variable  ozone  layer  to  obtain  addi¬ 
tional  insight  into  its  underlying  mechanisms. 

Multispectral  Measurements:  /?AMOS  will  obtain  multispectral  infrared  measurements  of 
various  environmentally-sensitive  areas  such  as  crops,  forests,  flood  plains,  oil  spills,  etc.  to 
help  develop  multispectral  algorithms  for  large-area,  distributed  space-based  sensors 
planned  for  the  future. 


DEFENSE—  RAMOS  will  address  three  defense  objectives  with  the  potential  to  strengthen 
the  safety  of  the  countries  participating  in  the  RAMOS  program  as  well  as  the  entire  inter¬ 
national  community.  These  objectives  are  also  novel,  but  in  view  of  the  scientific  and  tech¬ 
nological  capabilities  of  both  countries,  but  again,  are  likely  to  succeed. 


Background  measurements:  RAMOS  will  obtain  experimental  measurement  information 
(time  and  space  discrete)  on  the  background  conditions  of  the  Earth’s  surface  with  suffi¬ 
cient  spatial,  spectral,  temporal  and  geometrical  resolution.  The  limiting  factors  in  observing 
low-contrast  targets  (e.g.  airplanes  and  sounding  rockets)  are  the  prevalence  and  stochastic 
nature  of  severe  backgrounds,  and  their  temporal  variability  as  well  as  the  infrared  clutter 
arising  from  variations  in  temperature,  emissivity  and  pixel-to-pixel  variation  in  the  Earth 
scene.  Statistical  characteristics  of  clutter  are  essentially  assessed  on  the  basis  of  models, 
thus  requiring  that  experimental  calibration  data  be  acquired.  The  experiment  will  place 
particular  emphasis  on  acquiring  data  in  situations  where  the  background  structure  is  the 
limiting  source  of  false  signals. 


Stereoscopic  Imaging:  Operating  together,  sensors  on  the  AOS  and  ROS  will  demonstrate 
the  effectiveness  of  simultaneous  stereoscopic  sensing  at  visible  and  infrared  wavelengths. 
Data  from  such  observations  are  valuable  as  a  means  of  validating  and  determining  the  po¬ 
sition  and  velocity  of  objects  in  three  dimensions. 


Clutter  Mitigation:  Using  ground-based  computers,  ROS  and  AOS  experimenters,  each 
independently,  will  use  data  acquired  under  the  first  two  objectives  to  assess  the  perform¬ 
ance  of  various  algorithms.  Three  specific  goals  under  this  objective  are:  evaluating  the 
performance  of  specific  algorithms  in  detecting  synthetic  targets  added  to  severe  clutter 
data  obtained,  assessing  the  effectiveness  of  a  technique  for  calibrating  large-array  infrared 
detectors  and  assessing  the  effectiveness  of  clutter  mitigation  algorithms. 


B.  Bartschi  Rev.  1 


4 


RAMOS  IMPLEMENTATION 


RAMOS  is  planned  to  consist  of  two  satellites  and  their  associated  ground  support  equip¬ 
ment.  It  will  also  include  a  primary  ground  station  in  each  country  and  the  option  of  incor¬ 
porating  an  international  commercial  ground  station  network.  One  satellite,  the  American 
Observational  Satellite  (AOS),  will  carry  an  IR  imaging  radiometer  with  a  co-aligned  visible 
camera  and  visible  push-broom  scanner.  The  second,  the  Russian  Observational  Satellite 
(ROS),  will  carry  analogous  Russian  sensors.  Each  satellite  may  also  have  additional  in¬ 
strumentation,  which  may  or  may  not  be  analogous  to  that  found  on  the  other  satellite; 
however,  data  will  be  shared. 


Both  satellites  will  be  launched  into  a  high-inclination  circular  orbit  at  an  altitude  of  ap¬ 
proximately  525  km,  from  either  a  Russian  or  U.S.  launch  site.  ROS  will  have  station¬ 
keeping  capabilities  to  maintain  or  vary  a  desired  separation  as  the  optimum  viewing  angles 
are  explored. 


Scanning  Mode:  In  the  scanning  mode,  optical  sensors  on  the  two  satellites  will  record  data 
in  the  same  scene  as  they  look  at  the  earth.  As  the  satellites  progress  in  their  orbit,  their 
view  of  the  earth  will  move  along  the  ground  track;  the  sensors,  in  other  words,  remain 
fixed  with  respect  to  the  satellites  and  scan  a  continuously  changing  scene  on  the  earth's 
surface.  This  scene,  nominally,  will  be  a  point  on  the  ground  midway  between  the  two  sat¬ 
ellites  nadirs,  but  the  pointing  capabilities  of  the  satellites  and  the  sensors  make  it  possible 
to  view  scenes  anywhere  in  or  to  either  side  of  their  orbit  plane  ground  track. 


Staring  Mode:  In  the  staring  mode,  both  satellites  will  record  data  in  the  same  scene,  but  as 
they  progress  in  their  orbit,  the  sensors  will  change  their  look  angles  so  that  the  same  fixed 
scene  on  the  earth  will  remain  in  the  sensors'  view  for  some  length  of  time.  For  example,  the 
satellites'  fields  of  view  might  coincide  at  a  point  approximately  80  km  ahead  of  the  point 
midway  between  the  satellites'  respective  nadirs.  Both  satellites  collect  data  while  maintain¬ 
ing  that  scene  in  their  sensors'  fields- of- view  for  20  seconds  (or  until  the  point  is  approxi¬ 
mately  80  km  behind  the  point  midway  between  the  spacecrafts  respective  nadirs).  The 
field  of  view  mirrors  then  slew  forward  to  a  new  position  and  again  take  20  seconds  of  data. 
This  mode  can  continue  until  either  the  data  handling  capabilities  are  exceeded  or  a  new  se¬ 
quence  is  started.  Similar  mutual,  simultaneous  measurements  will  be  made  of  scenes  on 
either  side  of  the  orbit  plane  up  to  the  hard  earth  horizon.  The  up-link  commanding  capa¬ 
bility  will  enable  investigators  on  the  ground  to  change  the  flight  mission  and  direct  the  sen¬ 
sors  to  stare  at  targets  of  opportunity. 
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Tracking  mode:  In  the  tracking  mode,  sensors  on  both  satellites  will  view  the  same  scene 
and  will  simultaneously  follow  a  programmed  track  simulating  the  known  track  of  the  ob¬ 
ject  under  observation.  An  on-board  data  processor  may  be  required  for  sounding  rockets 
with  expected  large  dispersion  in  their  trajectories  to  accomplish  predictive  pointing.  This 
programmed  track  may  be  in,  out  of  or  through  the  satellites  orbit  plane.  Reconstruction 
of  the  rockets’  track  will  be  accomplished  on  the  ground  through  post-processing  of  the 
data. 

The  sensors  on  both  satellites,  under  the  control  of  on-board  computers  and  up-linked 
commands,  will  point  at  a  given  place  on  the  earth  or  in  the  atmosphere  and  will  simultane¬ 
ously  record  radiometric  data  in  both  visible  and  IR  wavelengths.  On-board  memory  will 
store  the  measurement  data  for  telemetry  to  the  respective  ground  station  at  the  first  avail¬ 
able  downlink  opportunity.  Data  sets  from  the  telemetry  stations  will  be  transferred  via 
ethernet  connections  (high-speed  links  in  the  case  of  auxiliary  stations)  to  be  recorded  on 
tape  or  disk  and  sent  to  the  data  processing  centers  at  the  Space  Dynamics  Laboratory  and 
to  its  counterpart  data  processing  center  in  Russia.  These  data  centers  will  process  and  con¬ 
dition  the  data  and  distribute  them  to  user  scientists  for  additional  processing  and  analysis  to 
yield  stereo-optical  images  of  the  measured  targets. 


SENSOR  SYSTEMS 

Both  AOS  and  ROS  will  carry  an  imaging  radiometer  operating  in  several  pass-bands  be¬ 
tween  1.2  and  7.5  |im,  and  a  wide  field-of-view  (FOV)  linear-array  imager  known  as  a 
“push-broom”  scanner,  or  its  equivalent  along  with  a  visible  CCD  camera. 


The  AOS  imaging  radiometer  will  have  a  field-of-view  of  ~1°.  It  will  have  the  ability  to 
scan  forward,  back  and  laterally  on  either  side  of  the  satellite’s  ground  track.  Its  detector 
arrays  will  likely  be  equipped  with  cryogenic  coolers  to  achieve  the  sensitivity  required  for 
the  proposed  measurements.  The  radiometer  will  be  unique,  in  that  it  can  simultaneously 
acquire  high-resolution  image  data  in  both  the  MWIR  and  M/LWIR  bands,  thus  permitting 
accurate  comparison  between  the  two  bands  with  regard  to  clutter  rejection. 


The  push-broom  scanner  is  a  linear  array  line  scanner  that  uses  satellite  motion  (including 
satellite  pointing)  for  scanning.  This  linear  array  of  visible-light  detectors  will  provide  a 
field-of-view  -32°  wide  with  respect  to  the  satellite’s  ground  track,  but  only  one  pixel  deep 
in  the  direction  of  that  track.  Its  field-of-view  will  thus  sweep  along  the  ground  track  (like  a 
push  broom)  with  the  satellite’s  orbital  progress.  The  center  of  this  linear  array  is  also  the 
center  of  the  imaging  radiometer’s  lateral  field  of  regard.  Consequently,  the  push-broom 
scanner  will  provide  a  ground  reference  for  whatever  targets  the  radiometei  is  imaging.  The 
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possibility  exists  for  filtering  certain  parts  of  the  array  to  allow  false-color  images,  polariza¬ 
tion  measurements,  etc.  This  visible  imager  also  has  limited  in-track  pointing  capability, 
enabling  it  to  acquire  data  for  pseudo-stereo  images. 


The  visible  CCD  camera  mentioned  above  will  have  a  3-degree  field- of- view,  and  will  be 
co-aligned  with  the  radiometer.  Figure  1  shows  a  conceptual  block  diagram  for  the  AOS. 


SPACECRAFT  SYSTEMS 

A  spacecraft  bus  that  will  host  the  proposed  AOS  sensors  is  readily  obtainable  as  a  modifi¬ 
cation  to  the  design  heritage  from  several  (COTS)  product  manufacturers.  This  type  of  a 
bus  can  meet  the  requirements  for  data  storage,  down-link  transmitter,  housekeep¬ 
ing/monitoring,  spacecraft  controller,  command  receiver,  power  system,  global  positioning 
receiver,  star  trackers,  inertial  reference  unit,  and  attitude  control  system.  A  likely  option 
is  to  use  a  derivative  of  the  Spectrum  Astro  product  that  was  created  for  the  BMDO/NASA 
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MSTI  and  Deep  Space  1  Programs.  This  type  of  bus  can  be  stabilized  in  three  axes,  and 
will  have  the  capability  to  slew  off-nadir  in  two  axes. 


A  low  data  rate,  standard  COTS  or  third-country-provided  telemetry  cross-link  will  be  in¬ 
vestigated  and  implemented,  to  allow  timely  command  up-link  of  information  to  be  shared 
between  satellites  for  short  duration  or  dynamic  measurement  scenarios. 


The  solar  panels  when  extended  are  -3.3  m  but  fold  to  make  the  width  of  the  bus  approxi¬ 
mately  1.1m.  The  weight  is  ~  430  kg.  The  peak  power  consumption  during  imaging  is 
-767  W,  -572  during  a  downlink,  and  -502  in  the  cruise  mode.  A  conceptual  graphic  pro¬ 
vided  by  Spectrum  Astro  is  shown  in  Figure  2. 


Figure  2.  AOS  Bus  concept 
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LAUNCH  SYSTEMS 


The  launch  vehicle  and  its  associated  launch  site  are  still  under  consideration.  There  are 
several  options  that  will  allow  placement  of  both  AOS  and  ROS  into  a  high  (approximately 
63-65  degree)  inclination  orbit.  The  use  of  a  ROKOT  would  allow  both  payloads  to  be 
launched  on  the  same  vehicle  in  a  cost  effective  manner. 


MISSION  OPERATIONS  SYSTEM 

The  RAMOS  Mission  Operations  System  (MOS)  is  defined  as  the  network  of  control  cen¬ 
ters,  ground  stations,  and  science  teams  that  will  work  collectively  to  plan,  conduct  and 
evaluate  mission  operations  for  the  RAMOS  program. 


RAMOS  MISSION  OPERATIONS  SYSTEM  (MOS) 


Figure  3.  RAMOS  Mission  Operations  System 


Mission  Operations  Centers  (MOC’s)  at  Logan,  Utah  and  Moscow,  Russia  will  provide 
planning,  scheduling,  command  packet  development,  command  transmission,  verification  of 
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execution,  State-of-Health  (SoH)  monitoring  and  down-link  data  collection.  The  opera¬ 
tions  centers  will  report  to  and  implement  feedback  from  the  Joint  Science  Team  chairper¬ 
son  or  representative.  Figure  3  shows  the  RAMOS  Mission  Operations  System. 


There  will  be  two  primary  ground  stations,  one  for  each  respective  satellite,  which  may  or 
may  not  be  co-located  with  the  operations  centers.  In  addition,  it  is  possible  that  several 
new  commercial  ground  stations  could  be  incorporated  to  form  a  “network”  allowing  a 
timely  flow  of  commands  to,  and  status  from,  the  AOS  satellite  during  or  near  the  time  of 
the  Data  Collection  Events  (DCEs).  These  stations  will  be  managed  and  operated  from  the 
respective  operations  centers.  It  is  anticipated  that  the  Russians  will  not  utilize  the  com¬ 
mercial  ground  station  networks,  however,  the  proposed  cross-link  between  the  satellites 
will  allow  a  “pass  through”  of  commands  to  both  space  vehicles  by  way  of  the  AOS  or 
ROS  operations  centers.  A  conceptual  RAMOS  scenario  has  been  entered  into  a  Satellite 
Tool  Kit  ™  model  and  a  graphical  representation  is  shown  in  figure  4  below. 


Figure  4.  STK  AOS/ROS  scenario 


10.0i3 


Commanding  by  any  of  the  aforementioned  means  will  be  authenticated  (not  encrypted)  to 
direct  the  specific  execution  of  a  data  collection  event.  These  events  may  be  executed  by  a 
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stored  on-board  macro,  a  pre-built  module  selected  from  a  library,  or  a  customized  set  of 
instructions  created  for  an  urgent  or  previously  unplanned  scenario  by  flight  controllers  at 
one  of  the  MOCs. 

AOS  OPERATIONS —  for  the  AOS  part  of  the  RAMOS  program  includes  developmental 
tests,  integration,  launch  and  subsequent  operation  of  the  spacecraft  during  the  on-orbit 
phase  of  its  lifetime.  Both  of  the  traditional  functions  of  ground  and  flight  operations  are 
integrated  together  in  an  effort  to  “Test  it  the  way  you  intend  to  fly  it”. 

The  American  MOC  (AMOC)  will  support  all  of  these  activities.  During  flight  operations 
it  will  generate  command  messages  for  up-link  to  each  spacecraft  and  will  look  at  selected 
snapshots  of  the  down-linked  sensor  science  or  state- of-health  data  to  see  that  it  looks  rea¬ 
sonable  based  on  the  planned  event. 

In  general,  the  AOS  science  data  will,  be  down-linked  at  X  band  data  rates  (~32  Mbps)  to 
the  American  Mission  Operations  Center  (AMOC)  where  it  will  be  temporarily  stored  and 
made  available  to  the  Data  Processing  Center  (DPC)  for  more  detailed  analysis  and  coordi¬ 
nation  with  the  Joint  Science  Team  (JST).  In  special  cases  the  data  may  be  collected  by  an¬ 
cillary  stations  and  then  transmitted  electronically  or  sent  on  storage  media  to  the  AMOC. 
ROS  science  data  will  be  transmitted  to  an  analogous  Russian  Mission  Operations  Center 
(RMOC)  where  it  will  be  handled  in  a  similar  manner. 

The  AOS  spacecraft  will  be  maintained— as  required- by  the  Mission  Operations  Team 
(MOT),  at  the  AMOC.  This  will  be  performed  daily  during  the  two  ground- station  contact 
clusters  that  occur  over  the  AMOC.  The  daily  shift  will  be  scheduled  to  cover  as  many 
contacts  as  possible  during  a  12-hour  period,  outside  of  this  period;  some  of  the  contacts 
may  have  to  be  accomplished  autonomously.  During  these  contacts,  all  state-of-health 
monitoring,  command  up-link  and  science  data  playback  (down-link)  should  occur.  On 
specific  occasions,  and  as  required,  a  full  operations  team  will  be  available,  otherwise  a 
designated  qualified  point-of-contact  person  will  always  be  “on  call”  by  way  of  a  pager,  24 
hours/day. 

Experiment  plans  generated  by  the  science  teams  must  be  converted  into  a  format  that  can 
be  utilized  by  the  existing  hardware  and  software.  These  plans  contain  information  about 
the  sensor  complement,  the  modes  of  operation,  timelines  and  calibration  requirements. 
They  will  list  the  experiment  and  sensor  constraints,  the  required  spacecraft  configuration 
and  the  data  handling  requir  ements.  This  process  is  referred  to  as  experiment  engineering  in 
other  RAMOS  documentation.  It  is  the  process  of  collating  all  of  the  current  and  appropri¬ 
ate  information  into  a  command  sequence  that  will  orchestrate  all  of  the  subsystems  on¬ 
board  the  spacecraft  to  accomplish  the  experiment  plan  objective  sometimes  referred  to  as 
the  “event  specification”. 
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Science  data  collections  will  be  event  driven.  The  spacecraft  bus  will  acquire  and  broad¬ 
cast,  by  way  of  a  high-speed  bus,  orbital  status  (position,  time,  sun  angle,  terminator  cross¬ 
ings,  etc.)  to  the  sensor  systems  processors.  These  processors  will  then  be  programmed  to 
operate  sensors  at  times  corresponding  to  the  prescribed  events. 

There  are  four  distinct  phases  which  encompass  the  pre-launch  and  on-orbit  activities  of  the 
program:  pre-launch,  launch,  early  on-orbit,  and  operational.  These  phases  are  defined  as: 

Pre-launch:  The  development  phase  begins  with  the  definition  of  program  requirements, 
design  and  development  of  the  MOS  and  the  testing  thereof.  Also  included  here  is  the 
preparation  of  databases,  procedures,  timelines,  operating  rules,  etc.  to  eventually  operate 
the  spacecraft  on-orbit.  During  this  time,  the  MOT  is  identified,  acquired  and  trained.  This 
training  is  primarily  accomplished  by  involving  the  mission  operations  principals  in  the 
hardware  development,  integration  and  test  during  sensor  development  leading  up  to 
launch.  Conducting  readiness  simulations  and  operational  demonstrations  of  the  readiness 
of  the  MOS  to  support  on-orbit  operations  completes  this  mission  phase. 

Launch:  This  phase  begins  when  the  spacecraft  leaves  the  U.S.  for  integration  with  the 
launch  vehicle.  It  includes  loading  all  initial  on-orbit  command  sequences,  including  the 
spacecraft  separation  from  the  launch  vehicle.  A  pre-planned  sequence  of  events  necessary 
to  initialize  the  spacecraft  after  separation  is  loaded,  including  attitude  stabilization  and  so¬ 
lar  panel  deployment.  Launch  base  Integration  and  Test  (I&T)  is  accomplished  by  utilizing  a 
duplicate  set  of  Ground  Support  Equipment  (GSE)  that  is  ready  and  operational  at  the 
MOCs.  The  duration  of  this  phase  is  estimated  to  be  approximately  two  months  and  in¬ 
cludes  all  of  the  logistics  involved  in  transportation,  facilities  and  test  operations. 

Early  on-orbit  operations:  This  phase  begins  with  the  separation  of  the  spacecraft  from 
the  launch  vehicle  when  the  spacecraft  is  placed  into  its  orbit.  It  includes  all  the  necessary 
operations  required  to  turn  on  and  evaluate  the  performance  of  all  spacecraft  bus  subsys¬ 
tems  and  sensors.  Following  successful  turn-on,  any  necessary  calibrations  are  performed 
to  prepare  the  sensor  and/or  ground-based  data  system  for  the  operational  phase.  This  mis¬ 
sion  phase  is  expected  to  extend  for  a  period  of  about  one  month. 

Operational:  This  phase  begins  when  the  entire  spacecraft  has  been  declared  operational  by 
the  customer/sponsor.  During  this  period  of  time  experiments,  as  identified  by  the  objec¬ 
tives  of  the  mission,  are  performed  and  data  are  recovered,  processed  and  analyzed.  This 
phase  will  conclude  when  all  mission  objectives  have  been  met,  the  spacecraft  becomes  m- 
operative,  or  the  program  runs  out  of  funding.  The  ground  support  equipment  used  for  in¬ 
tegration  and  test  at  the  launch  base  will  be  returned  to  the  MOC  and  installed  as  backup 
equipment.  On-orbit  operations  are  planned  for  a  period  of  two  years  but  are  designed  for 
an  indefinite  period. 
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JOINT  AOS/ROS  OPERATIONS— Most  of  the  measurement  events  will  be  of  mutual  inter¬ 
est  to  both  countries  and  therefore  it  is  expected  that  close  coordination  will  be  required  in 
both  the  planning  and  execution  of  each  measurement.  The  mission  operations  managers  on 
both  sides  will  need  a  clear  channel  of  communication  with  their  respective  science  team 
representatives.  A  Joint  Experiment  Planning  Center  (JEPC)  will  be  established  to  facilitate 
the  JST  activities.  Many  of  the  ground  operations  involving  logistics,  transportation  and 
launch  site  integration  will  also  involve  close  coordination  between  various  agencies  of  the 
two  countries. 

AOS  GROUND  OPERATIONS 

Test,  evaluation,  and  integration  of  system  elements  all  occur  in  the  pre-launch  and  launch 
phases  of  the  program  and  will  be  required  in  a  variety  of  locations.  GSE  includes  that  re¬ 
quired  for  the  on-board  sensor  systems,  bus,  ground  station  and  all  associated  software. 
These  ground-based  functions  will  involve  some  of  the  personnel  who  created  the  flight 
hardware  and  some  that  will  operate  the  satellite  during  its  lifetime.  This  provides  timely, 
essential  and  cost  effective  training. 

Equipment  and  software  identical  to  that  in  the  primary  AOS  ground  station  will  be  config¬ 
ured  to  verify  spacecraft  and  sensor  operation  starting  at  the  time  of  sensor  integration  to 
the  bus.  This  support  equipment  will  be  employed  at  the  earliest  possible  opportunity  in  the 
development/fabrication  cycle  to  minimize  requirements  and  ensure  compatibility.  A  mini¬ 
mum  set  of  plans,  procedures  and  interface  documentation  will  be  shared  among  the  various 
participants.  Major  integration,  test  and  evaluation  activities  during  this  period  of  time  in¬ 
clude: 

•  Environmental  tests  (vibration,  thermal,  vacuum) 

•  Calibration  (radiometric,  pointing,  state-of-health  sensors  etc.) 

•  Sensor  to  spacecraft  integration 

•  Acceptance  tests 

•  Post  shipment  verification  tests 

•  Spacecraft  to  launcher  integration 

•  Post  integration  verification  tests 

•  Worldwide  RF  link  verification  test 


DATA  PROCESSING  SYSTEM 

There  will  be  a  RAMOS  Data  Processing  Center  (DPC)  in  the  U.S.  and  in  Russia  capable  of 
processing  data  from  either  satellite.  Raw  data  will  be  transmitted  to  the  DPC  from  the  cor¬ 
responding  MOC.  The  raw  sensor  and  satellite  housekeeping  data  will  be  organized  into  a 
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format  suitable  for  exchange  or  for  the  conversion  into  engineering  units.  Development  of 
software  for  the  conversion  of  raw  data  into  calibrated  engineering  units  will  be  performed 
separately  by  the  Russian  and  U.S.  RAMOS  teams.  Each  team  will  incorporate  into  its 
software  design,  the  knowledge  of  the  satellite’s  operational  characteristics  gained  during 
satellite  development,  integration,  and  calibration. 


Figure  5.  Data  Processing  Center  concept 


In  addition  to  the  processing  of  data  from  the  three  main  sensor  subsystems,  each  DPC  will 
generate  data  products.  Data  products  are  files  that  characterize  satellite  performance. 
These  include,  pointing  information,  ephemeris  information,  and  command  sequences.  Each 
DPC  will  be  responsible  for  distributing  sensor  data  and  data  products  to  the  science  teams. 
Between  DPCs,  sensor  data,  satellite  housekeeping  data,  the  software  to  convert  this  data 
into  engineering  units,  and  instrument  products  are  shared.  Instrument  products  are  files 
that  contain  information  necessary  in  the  conversion  of  data  to  engineering  units.  These  in¬ 
clude  calibration  coefficients  and  data  anomaly  files..  Each  DPC  will  maintain  a  data  archive 
of  information  generated.  A  relational  database  will  be  populated  to  provide  visibility  into 

the  archived  data. 

Other  DPC  functions  include  performance  estimation  and  validation,  calibration  processing, 
event  summary  quick-look,  spacecraft  subsystem  interactions,  and  modeling  and  simulation. 
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The  software  development  methodology  used  by  each  DPC  will  be  based  on  each  country’s 
established  practices.  However,  in  order  to  facilitate  the  sharing  of  software  and  data,  stan¬ 
dards  will  be  mutually  adopted  to  provide  a  common  framework  for  the  exchange  of  soft¬ 
ware  and  data.  Joint  standards  will  include  the  following: 

Data  Levels:  Data  levels  are  conceptual  stages  of  processing.  Raw  telemetry  data  or  Level- 
0  data  are  processed  into  Levels  1,  1A,  2  and  3.  The  data  levels  for  the  RAMOS  program 
are  defined  as  follows: 

Level  0  data  corresponds  to  the  telemetry  stream  as  received  from  the  spacecraft  by  the 
ground  station(s)  and  recorded.  This  includes  data  dropouts  and  overlaps.  This  level  con¬ 
tains  information  from  all  instruments  embedded  with  spacecraft  data. 

Level  1  data  consists  of  Level  0  data  that  have  been  put  into  computer-compatible  format. 
Data  overlap  and  data  dropouts  have  been  addressed. 

Level  1A  data  have  been  separated  by  instruments  and  augmented  with  spacecraft  house¬ 
keeping,  attitude  and  trajectory  data.  No  data  conversion  or  application  of  calibration  in¬ 
formation  has  been  applied. 

Level  2  data  consists  of  Level  1A  data  that  have  been  corrected  for  instrument- induced  ef¬ 
fects  and  non-ideal  sensor  response  characteristics.  Counts  are  interpreted  in  terms  of  radi¬ 
ance  or  radiance  intensity,  depending  on  the  instrument  and  source.  Level  2  data  are  main¬ 
tained  in  engineering  units. 

Level  3  data  or  data  products  are  derived  from  Level  2  and  Level  2A  data  in  support  of  ste¬ 
reo,  multi- angle  and  multi  - spectral  observations. 

Data  Formats:  Standard  headers  containing  experiment  metadata  will  precede  sensor  data. 
Standardization  of  data  formats  will  expedite  the  identification  and  retrieval  of  related  ob¬ 
servations.  This  will  be  especially  strategic  for  stereoscopic  observations. 


Software  Standards :  To  ensure  software  portability  between  the  two  countries,  ANSI 
(American  National  Standards  Institute)  C  or  ANSI  C++  will  be  the  candidate  languages. 


Software  Interface:  Shared  DPC  software  will  be  void  of  language  (English  or  Russian), 
platform,  or  implementation  specific  restrictions.  The  DPCs  will  exchange  Application  Pro¬ 
gramming  Interface  (API)  software  that  applies  sensor  calibration  coefficients  to  the  raw 
data  of  their  respective  satellite.  The  APIs  will  be  incorporated  into  software  specific  to 
each  DPC. 
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EXISTING  ASSETS  MEASUREMENTS 

The  RAMOS  team  has  developed  a  set  of  near  term  experiments,  prior  to  initiating  the  full 
RAMOS  program,  that  will  demonstrate  the  ability  of  the  international  RAMOS  team  to 
work  together  to  produce  useful  joint  results,  and  to  demonstrate  the  usefulness  of  stereo- 
optical  sensor  data.  These  near-term  experiments,  some  of  them  are  already  completed, 
utilizing  existing  satellites  and  aircraft,  will  pave  the  way  to  implementing  the  full  RAMOS 
AOS/ROS  concept. 

TECHNICAL/ENGINEERING  DATA  &  DOCUMENTATION 

The  ultimate  aim  of  the  RAMOS  program  is  an  open  exchange  of  flight  data  between  the 
Russian  and  American  participants.  To  execute  this  program,  both  participants  must  be  able 
to  exchange  programmatic  and  engineering  data  and  documentation  pertaining  to  the  sci¬ 
ence  objectives,  flight/ground  hardware/software,  mission  operations,  and  data  processmg 
systems.  They  must  also  be  able  to  exchange  spacecraft  and  sensor  data  collected  during 
joint  experiments. 


SUMMARY 

The  RAMOS  program  constructively  engages  the  space  scientists  and  technologists  from 
both  nations  in  an  effort  that  is  beneficial  to  both.  It  capitalizes  upon  the  substantial  military 
space-related  expertise  within  the  Russian  Federation  that  has  been  under-utilized  since  the 
end  of  the  Cold  War.  It  enhances  the  twin  objectives  of  dual  use  as  well  as  defense  conver¬ 
sion.  The  existence  of  the  RAMOS  program  demonstrates  the  ability  of  both  nations  to 
work  together  and  build  trust  and  common  understanding  in  preparation  for  the  new  and 
evolving  relationships  in  the  21st  century. 
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MajiHH  cnyTHHK  HaSjnoaeHHa  h  MOHHTopHHra  xponMnecKoro  peraoHa 

Xhmhjikoh  KapBajibo,  Kapjioc  H.  CaHTaHa  h  XLKaHHO  Koho 
HaijHOHajibHbiH  HHCTinyr  kocmmmcckhx  Hccjie^oBaHHH  -  INPE 
Av.  dos  Astronautas,  1758 
S.  Jose  dos  Campos-SP- 12227-010- Brazil 
Phone:  (55).12.345.6607  -  Fax:  (55).12.341.1890 

Bpa3iuibCKoe  KocMimecKoe  AreHTCTBo  nopyrnuio  MHCTHTyxy 
KocMHHecKHX  HccjTe,fl;oBaHHH  -  INPE,  pa3pa6oTaTb  MHoronejieByio 
cnyTHHKOByio  iuiaT^opMy  xum  BbinojiHeniw  Ha  hh3khx  OKOJio3eMHbix 
op6max  (LEO)  3aaan  ziHCTaHiiHOHiioro  30HHHpoBanna  h  reo<j)H3HHecKHx 
Hccjie^oBaHHH.  IlepBbiH  cnyTHHK,  KOTOpWH  Hcnojib3yeT  3Ty  njiaTcjjopMy, 
aBJweTcn  cnyrHHKOM  Z3,33  (SSR).  Oh  bbibo/ihtch  Ha  3KBaTopnajibHyio 
opdMTy  h  HMeeT  Ha  OopTy  mnpoK03axBaTHyio  (2200  km) 
MHorocneKTpajibHyio  KaMepy  BimiiMoro  h  HK-  nHana3onoB  ®ia  HaOjno- 
fleHMH  h  MOHHTopHHra  jiecHbix  noxcapOB,  o6e3jieceHH5i  h  HaBOAHeHHH  b 
TporamecKOM  pernoHe. 

OcoOeHHocraMH  SSR,  HMeiomero  cyxyio  Maccy  260  kt,  BBJiaioTca: 

noBTopHbie  npoxoxtbi  toto  xce  peraoHa  iiaOjiioaenira  KaxqjbiH  qac  hjih 
nojinaca, 

nojiyneHHe  H3o6paxceHHH  c  npocTpaHCTBeHHbiM  pa3pemeHHeM  100  m, 

nepe^ana  H3o6paxceHHH  nojib30BaTejiaM  b  6jih3kom  k  peajibHOMy 
MacniTaSe  BpeMeHH. 

SSR  SyneT  totob  jinx  BbinojnieiiPBi  mhofhx  HOBbix  3aa;aH,  KOTopbie 
HeB03MOXCHO  BblllOJIHHTb  C  HCn0JIb30BaHHeM  CVineCTBytOmnY  KOCMHHeCKHX 

cHCTeM  HaSjnofleHira  3eMjra. 

3ra  cTaTba  nexajibHO  oimcbiBaeT  cnyTHHK  flHCTammoHHoro 
30H^Hp0BaHHH  H  OCo6eHHO  -  HOBHieCTBa,  HCnOJIb30BaHHbie  Ha  MHOrO- 
HejieBOH  njiaT(J)opMe. 

OcBeipaioTCM  Bonpocw  MO/iejiHpoBaHna  H3o6pa>KeHHH,  B03Moxanoro 
npHMe  Hernia  KOCMHHecKOH  rmaTcjDopMbi,  npHHUHnnajibHbie  TexHHnecKHe 
pemeHHa,  a  TaKxce  HeicoTopbie  acneKTbi  npoMbinmeHHoro  napTHepCTBa  h 
Me^cnyHaponHOH  KoonepaujiH,  KOTopbie  6bijra  Hcnojib30BaHbi  npn 
pa3pa6oTKe  cnyTHHKa  b  Epa3HJiMH. 


X.  KapBajibo 


A  Small  Satellite  to  Observe  and  Monitor  the  Tropical  Region 
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Av.  dos  Astronautas,  1758 
S.  Jose  dos  Campos  -  SP  -  12227-010  -  Brazil 
Phone:  (55).  12.345.6607  -  Fax:  (55).12.341. 1890 
santana@dss.inpe.br  kono@dss.inpe.br  carvalho@, dss.inpe.br 


1.  Introduction 

One  of  the  most  important  factors  that  preclude  the  satisfactory  monitoring  of  tropical 
regions  resides  in  the  severe  cloud  covering  conditions  presented  by  those  regions. 
Indeed,  since  most  of  the  available  satellite  remote  sensing  systems  utilize  helio- 
synchronous  (that  is,  near  polar)  orbits,  in  order  to  maintain  constant  Sun  illumination 
conditions,  the  revisit  period  for  a  specific  region  range  from  5  to  30  days,  depending  on 
the  swath  width  covered  by  the  satellite.  The  larger  the  swath  width  (and  the  lesser  is  the 
revisit  time)  ,  the  lower  will  be  the  spatial  resolution.  Of  course  such  a  system  is  not 
adequate  to  monitor  those  cloudy  regions  of  the  Amazon,  due  to  its  low  revisit  rate. 

The  SSR  remote  sensing  satellite,  described  in  this  paper,  presents  an  innovative  solution 
to  these  problems,  providing  a  remote  sensing  satellite  placed  in  an  equatorial  orbit, 
which  increases  the  revisit  frequency,  and  having  a  near  real  time  data  transmission 
scheme,  where  users  will  receive  image  data  within  two  hours  after  the  image  acquisition. 


2.  MECB  Historical  Background 

The  MECB  (Complete  Brazilian  Space  Mission)  project,  was  created  in  1979,  as  the 
result  of  a  long  term  national  capability  increasing  program  in  space  related  sciences  and 
technology,  started  in  1961. 

The  MECB  project  comprised  two  data  collecting  satellites,  two  remote  sensing  satellites, 
a  launch  vehicle  and  a  launch  base.  The  main  mission  objectives  could  be  summarized  in 
five  items: 

•  To  form  human  ressources  in  space  technology  and  science; 

•  To  built  and  operate  facilities  that  enable  future  developments  in  space 
mission; 

•  To  perform  missions  that  fulfill  to  brazilian  needs; 

•  To  enhance  industry  participation  in  the  space  business; 

•  To  achieve  a  high  degree  of  excellency  so  as  to  be  in  measure  to  participate  in 
international  space  programs. 


These  objectives  were  gradually  achieved  by  the  development  of  the  satellites  and  the 
construction  of  the  Integration  and  Test  Laboratory  (LIT),  the  Control  Center  (CRC)  and 
the  Mission  Center,  which  provide  the  basic  facilities  to  operate  any  future  space  mission. 


Figure  1 :  Integration  and  Tests  Laboratory  and  Satellite  Control  Center 


Radiobras 


The  first  brazilian  satellite  (SCD1)  was  successfuly  launched 
in  1993,  having  a  10%  figure  of  brazilian  industry 
participation.  This  number  was  increased  to  20%  for  the 
SCD2A  satellite  (first  tentative  launch  of  the  brazilian 
launcher  vehicle  VLS,  see  Figure  2)  and  SCD2  (scheduled  to 
be  launched  by  the  end  of  1998,  and  will  increase  even  further 
(up  to  50%)  for  the  SSR1  satellite. 


Figure2;  VLS  Launch 


3.  Strategic  Decisions 

The  original  mission  of  the  MECB’s  Remote  Sensing  Satellite  (SSR)  was  stablished  as  a 
two  bands  camera,  with  260m  resolution,  in  a  Sun-synchronous  orbit  covering  the  Earth 
every  four  days. 

With  the  brazilian  participation  in  the  China-Brazil  Earth  Resources  Satellite  (CBERS), 
the  original  SSR  camera  was  destinated  to  that  satellite,  and  the  SSR  mission  reviewed. 


As  a  result  of  a  thorough  mission  analysis,  the  SSR  mission  was  redesigned  as  an 
equatorial  orbit  mission,  with  a  satellite  devoted  mainly  to  the  monitoring  of  the  Amazon 
region.  That  orbit  should  provide  a  very  high  revisit  rate  (less  than  2  hours  between 
image  acquisitions)  and  in  order  to  avoid  the  centralized  image  processing  and 
distribution  bottleneck,  real  time  transmission  of  images  to  users  was  included  among 
mission  objectives. 

These  objectives  were  refined  and  further  reviewed  by  the  occasion  of  a  “selected  users 
workshop”,  held  at  INPE  by  the  end  of  1995.  In  that  meeting,  representatives  of  main 
govemamental  and  research  organizations  froze  the  band  specifications  as  well  as  spatial 
and  radiometric  resolutions.  This  was  the  first  step  towards  the  applications  oriented 
missions  era  that  was  begining  at  INPE,  following  the  technology  demonstration  phase, 
closed  by  the  SCD  satellite  series. 

In  addition,  following  the  international  trend,  a  multi-mission  service  platform  was 
conceived  to  be  part  of  the  SSR  satellite.  This  platform,  for  which  SSR  would  be  the  first 
mission,  capable  of  being  used  in  orbits  ranging  from  400  km  to  1500  km,  and  0  to  90 
inclination,  was  decided  to  be  built  by  a  national  “prime-contractor”.  The  strategy  was 
then  to  bid  for  the  complete  platform,  in  the  brazilian  national  market,  such  as  to 
encourage  the  formation  of  national  industry  consortia  (accepting  international  partners) 
to  participate  in  the  bidding.  The  winner  will  provide  the  SSR  platform  as  well  as  next 
missions  recurrent  platforms,  with  a  minimum  national  industrial  participation  of  50%. 


4.  The  Multi- mission  Platform 

The  multi-mission  platform  concept  provides  the  capability  to  support  a  variety  of  low 
Earth  orbit  missions  using  the  same  basic  three-axis  stabilized  platform  with  different 
payload  instruments  as  depicted  in  Figure  3. 

In  this  regard,  a  modular  platform  -payload  architecture  is  used,  allowing  independent 
design,  fabrication  and  test  of  each  module,  before  payload-to-P/F  integration  and  final 
compatibility  tests. 

The  platform  design  is  also  intended  to  provide  for  an  adaptability  to  the  peculiar 
requirements  of  each  mission. 

The  Multi-mission  Platform  (MMP),  will  be  a  small  services  modular  platform  (<  190  kg, 
dry  mass)  providing  sufficient  power  (180  W)  to  payload  modules,  to  be  launched  in 
orbits  ranging  from  400  km  to  1500  km,  and  0°  to  90°  inclination. 

Pointing  accuracy  will  be  better  that  0.1°  in  several  pointing  modes  (Earth,  anti-Earth, 
inertial  and  Sun)  and  modern  GPS  orbit  and  attitude  determination  and  control 
techniques  will  be  used. 


Figure  3 :  Different  Satellite  Configurations  using  the  Multi-mission  Platform 


Housekeeping,  telecomand  decodification,  on-board  telemetry  analysis  and  diagnostics, 
and  payload  control  will  be  performed  by  a  centralized  computer.  In  addition,  the 
platform  will  provide  150  m/s  AV,  for  orbit  corrections. 

The  following  services  will  be  available  to  the  payload  module: 

•  Telemetry,  Telecommand  and  data  transmission  (up  to  650  kbps),  through 
dedicated  serial  lines. 

•  Power  Supply:  at  least  180W  rms,  during  Sunlit  phase  of  the  orbit,  and  80W 
during  eclipse. 

•  Data  storage  in  Solid  State  Recorder:  up  to  5  Gbits. 

Figure  4  shows  a  possible  block  diagram  for  that  platform,  reflecting  the  current 
specifications  being  studied  by  the  industry  competitors  in  the  aforementioned  bidding. 


Figure  3 :  Possible  SSR  Block  Diagram 

Besides  the  SSR  series  optical  missions,  at  least  a  small  SAR  and  a  LEO  communications 
missions  envisage  the  use  of  the  MMP. 


5.  The  SSR  Mission 

Increasing  needs  for  monitoring  of  deforestation,  forest-fire,  river  flooding  and 
desertification  activities,  as  a  consequence  of  the  worldwide  recognition  of  the  ecological 
and  economical  importance  of  the  Amazon  region,  directed  the  efforts  of  the  Brazilian 
government  and  the  Brazilian  Space  Agency  (AEB)  towards  the  development  of  the  SSR 
(Remote  Sensing  Satellite)  project  described  in  this  paper. 

The  SSR  mission  aims  at  providing  the  scientific  community,  governmental  and  private 
authorities  with  near  real  time,  direct  reception  of  images  of  the  Amazon  region, 
comprised  between  parallels  5°  N  and  15°  S,  as  shown  in  Figure  6. 
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Figure  6(a):  SSR  World  Coverage  Area 


In  addition,  in  order  to  increase  the  number  of  potential  users,  the  image  reception  system 
should  be  small,  of  easy  operation  and  unexpens ive. The  SSR  is  a  Low  Earth  Orbit 
satellite,  placed  in  an  equatorial  (i=0°)  orbit,  at  a  height  of  about  905  km.  The  on-board 
optical  instrument  will  cover  the  equatorial  region,  from  5°N  to  15°S,  corresponding  to  a 
swath  width  of  nearly  2200  km.  This  orbit  provides  a  revisit  rate  of  less  than  2  hours, 
with  up  to  5  useful  image  acquisitions  during  daylight. 
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Table  1  summarizes  candidate  applications  and  the  concerned  regions  to  which  they 
are  aimed,  along  with  the  minimum  required  spatial  and  temporal  resolutions. 


Table  1 :  Potential  Applications 


Potential 

Application 

Region 

Deforestation 

Amazon 

forest-fire 

Amazon 

river-flooding 

Amazon,  Northeast 

Oceanography 

Northeast 

land  cultivation 

Cerrado,  Northeast 

Desertification 

Amazon,  Northeast 

mineral  exploitation 

Amazon,  Northeast 

vegetation  health 

Amazon 

In  order  to  fulfill  these  applications,  the  SSR  will  carry  an  optical  instrument,  capable  of 
covering  the  specified  swath  width  of  2200km,  (from  5°N  to  15°S),  corresponding  to  a 
total  field-of-view  of  about  88°,  in  all  bands  listed  in  Table  2  with  the  required  spatial 
resolution 


Table  2  -  SSR  Bands  and  Resolutions 


Bands 

Wavelenght 

Resolution 

B1 

0.440  to  0.505  pm 

100m 

B2 

0.530  to  0.575  pm 

100m 

B3 

0.650  to  0.680  pm 

100m 

B4 

0.845  to  0.885  pm 

100m 

B5 

0.895  to  0.990  pm 

300m 

B6 

3.4  to  4.2  pm 

600m 

6,  Mission  Operations  and  Bata  Transmission 

The  mission  comprises  three  segments:  Space  (the  SSR  satellite),  Ground  (Control  and 
Image  Processing  Centers)  and  Applications  (Remote  receivers,  applications  software, 
users  training  and  support)  segments,  whose  interrelationship  is  depicted  in  Figure  4. 

The  SSR1  satellite  receives  and  decodes  telecommands  received  from  the  Control  Center, 
in  Sao  Jose  dos  Campos,  through  the  TT&C  Station  located  in  Cuiaba. 

Image  data  received  from  the  SSR1  satellite  by  the  X-Band  Image  Receiving  Station 
(IRS)  is  forwarded  to  the  Data  Pre-processing  and  Retransmitting  Station,  both  in  Cuiaba. 
These  data  is  also  recorded  and  sent  to  the  Mission  Center  located  in  Cachoeira  Paulista. 

From  the  the  Data  Pre-processing  and  Retransmitting  Station,  the  pre-processed  image 
data  is  broadcast  to  users  through  a  Geo-stationary  telecommunications  satellite  (GEO). 

Finally,  the  mission  center  shall  receive  requests  from  users  and  schedule,  along  with  the 
Control  Center,  image  acquisition  and  recording. 


This  innovative  transmission  scheme  in  two  links,  using  a  third  party  geosynchronous 
communications  satellite,  allows  for  the  real  (or  “near-real”)  time  image  receptions  by 
users,  which  is  at  the  core  of  SSR  mission.  A  small  amount  of  data  compression  will  be 
required  in  order  to  simplify  user  receivers  requirements  in  terms  of  data  rates. 

One  important  point  is  that  the  applications  segment  forms  an  integral  SSR  mission. 
From  the  beginning,  studies  are  being  carried  out  in  order  to  address  the  main  problems 
already  identified  (off-nadir  viewing  angle,  variable  illumination  of  scenes  high  data 
rates,  special  data  compression  techniques,  etc),  and  provide  users  with  a  set  of  simulated 
images,  derived  from  computer  simulations  and  flight  campaings. 

In  this  regard,  many  international  partners  (CNES,  France  -  DLR,  Germany)  were 
involved  in  SSR  mission  anlysis  giving,  with  their  experience,  unvaluable  contribution  to 
the  final  mission  definition. 


This  innovative  transmission  scheme  in  two  links,  using  a  third  party  geosynchronous 
communications  satellite,  allows  for  the  real  (or  “near-real”)  time  image  receptions  by 
users,  which  is  at  the  core  of  SSR  mission.  A  small  amount  of  data  compression  will  be 
required  in  order  to  simplify  user  receivers  requirements  in  terms  of  data  rates. 

One  important  point  is  that  the  applications  segment  forms  an  integral  SSR  mission. 
From  the  beginning,  studies  are  being  carried  odt  in  order  to  address  the  main  problems 
already  identified  (off-nadir  viewing  angle,  variable  illumination  of  scenes  high  data 
rates,  special  data  compression  techniques,  etc),  and  provide  users  with  a  set  of  simulated 
images,  derived  from  computer  simulations  and  flight  campaings. 


In  this  regard,  many  international  partners  (ONES,  France  -  DLR,  Germany)  were 


Figure  4:  SSR  System  Operation 


involved  in  SSR  mission  anlysis  giving,  with  their  experience,  unvaluable  contribution  to 
the  final  mission  definition. 


7.  Conclusions 

At  the  end  of  the  century,  most  coutries  learned  that  the  main  interest  in  space  should  be 
driven  by  a  search  for  developing  our  knowledge  of  the  Earth,  preserving  its 
and  managing  life  in  a  more  efficint  way.  The  SSR  mission,  as  part  of  this  global  trend 
provides  its  contributions  on  the  form  of  an  instrument  to  monitor  and  protect  tho 
natural  ressources  related  to  the  Amazon  region. 

This  mission  demonstrate  that  the  original  MECB  objectives,  stated  some  20  years  ago, 
have  being  fully  achieved,  despite  the  economical  crysis  endured  by  Brasil  during  those 
years  and  enable  the  country  to  accept  new  and  more  ambitious  challenges  such  as  the 
honorable  participation  in  important  bi-nationat  (CBERS)  and  international  (International 

Space  Station)  programs. 
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Fm6x,  BpeMeH,  FepMaHMa 
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UNISAT 

Universal  Satellite  Platform  for  Earth  Observation 

Amnon  Ginati  and  Carsten  Tobehn 
OHB-System  GmbH,  Bremen,  Germany 
Yury  V.  Trifonov  and  Alexandr  V.  Gorbunov 
NPP  VNIIEM,  Moscow,  Russia 

The  objective  of  the  “UNISAT”  project  is  the  development  of  a  small, 
commercial  and  multipurpose  satellite  platform  especially  for  the  growing 
earth  observation  market  demands.  The  system  is  designed  to  fulfill  the  re¬ 
quirements  of  a  broad  future  market  for  user  dedicated  small  satellite  systems. 

For  the  reference  mission  a  remote  sensing  payload  is  selected  in  order 
to  provide  earth  images  with  high  spatial  and  spectral  resolution  and  good 
radiometric  sensitivity,  despite  its  small  size  and  low  cost.  It  will  have  more 
spectral  bands  in  the  VNIR  than  sensors  on  most  existing  or  planned  multi- 
spectral  satellites  and  higher  ground  resolution  than  planned  hyper-spectral 
space  sensors.  The  UNISAT  platform  development  is  a  joint  German- Russian 
cooperative  project. 

Existing  space-rated  sub-systems  will  be  used  or  adapted  for  this  system, 
combined  with  new  satellite  technologies,  to  achieve  the  low  cost  and  high 
performance  goals.  The  two  principal  companies  involved,  OHB  in  Germany 
and  NPP  VNIIEM  in  Russia  are  both  experienced  in  the  design  and  con¬ 
struction  of  space  systems,  some  of  which  have  already  been  successfully 
launched. 

The  detailed  design  phase  is  now  under  process.  This  paper  will  describe 
the  updated  system  concept. 


A.  Ginati 


YHHCAT  -  yHHBepcajibHan  cnyTHHKOBasr  njianJjopMa 
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Pecbepax 

B  /(OKJia^e  iipencTaBneiiLi  penyjiLxaxtr  npenBapHxejiBHoft  pa3pa6oxKH 
yHH(|)HHHpoBaHHOH  cjiyxceSHoft  njrax^opMBi  ^jia  co3,qaHHa  Maatix  KA 
ranpoMexeopojiorHHecKoro  h  aKonpHpo^Horo  MOHHxopHHra. 

npH  pa3pa6oTKe  yHH^HUHpoBaiiHOH  cjiy>Ke6HOH  njiaxc^opMBi  KOHTpoaa 
OKpy>Kaiom,e0  cpe/iBi  npHHaTa  KOHiieniuia,  yHHXBiBaioinax  TenaenpHH  MnpoBofi  KOCMHHecKOH 
TeXHHKH  H  CJIOX<HBUiyK)Ca  KOHBIOHKTypy  B  oSnaCTH  KOCMHHeCKHX  pa3pa60T0K 

Co3^aHHe  yHH(|)imHpoBaHHOH  njiaxrJropMBi  no3Boaaex  Ha  ee  6a3e  pa3pa6oxaxB 
HecKOJiBKO  xhiiob  Maji&ix  KA  BecoM  ho  2  5  Okf  h  3anycKaeMBix  Ha  cojiHeHHo-cHHxpoHHBie  h 
npHnoaapHBie  op6hxbi  bbicoxoh  okojio  650  km: 

a)  METOH  -  rHnpoMexeopoJiorHHecKoe  HaSjnoneHHe; 

b)  3KOH  -  oKonpHpoHHBm  mohhxophhx; 

c)  ,ZJETOH  -  HexaJlBHBIH  3K0npHp0HHBIH  MOIIHXOpHHr; 

d)  APJTOH  -  paHHOJiOKaHHOHHBiH  KOHxporiB  JienoBoii  oScxanoBKH  b  nojiapHBix 

panofiax  h  npyrne  sanann. 

Co3,zi,aHHe  ynH^HHHpoBaHHoii  cayaceSHOH  njiaxrJropMBi  naex  bo3mo>khocxb  pemaxB 
3aaaxH  KOHxpojra  OKpyxcaromeH  cpe^Bi  nyxeM  co3,a;aHHH  oxHOCHxejiBHO  nemeBBix  Man  rax  KA,  h 
npHMeHaxB  hjih  aanycrca  6ojiee  JierKHe  h  nemeBBie  nocHxejiH. 


BBezieHMe 

MHoronexHHH  mhpoboh  onBix  cBH/rexejiBcxByex,  hxo  rHnpoMexeoponorH'iecKHM  h 
3KonpHpoHHBiH  MOHHxopHHr  b  pa3Hoo6pa3Hbix  acneKxax  MHpHoro  Hcno;iB30BaHHa  ocxaexca 
aKxyajiBHoir  oGnacxBio  npHJio>iceHira  kocmhhcckoh  xexHHKH. 

MnHHMH3aHHH  pacxonoB  Ha  co3,xaiiHe  KOCMHHecKHx  cpencxB  yKa3aHHoro  uzaumenm 
npHBOHHX  K  IieoSxOHHMOCXH  OXKa3a  OX  pa3pa60XKH  HOBBIX  OXHOCHXeJIBHO  Sojibhihx  H 
zroporocxoaimix  KA,  hjm  sariycxa  Koxoptix  xpeSyroxca  paicexBi- h o c nxe  jih  cpe/nrero  h  xaacenoro 
KjraccoB  co  CXOHMOCXBK)  3anycKa,  cocxaBJiaiomeft  b  Hacxoxmee  BpeMX  150-200  mjih.  py6. 

ripoBe/reHHbie  npopaSoxKH  noKa3ariH,  hxo  3anaHH  KOHxpoaa  OKpy>KaiomeH  cpe/ru  H3 
KoeMoca  Moryx  b  o6o3pHMOH  nepcneKXHBe  na  xopomeM  yposne  pemaxbca  nyxeM  coanairHa 
ManBix  KA,  KoxopBie  caMH  aBjiaroxcx  oxhochxcjibho  ncmeBbiMH  h  no3BOJiarox  npHMeHaxB  am 
3anycKa  6ojiee  JierKHe  h  zrcmeBBie  HocnxexiH,  b  xom  HHCJie,  KOHBepcHOHHBie. 

3anaHH  MOHHxopHHra  npHpoHHofi  cpenBi  pa3/reneHBi  Ha  5  ochobhbix  rpynn: 
nporH03HpoBaHHe  noroflBi  h  H3MeneHHH  roiHMaxa; 

-  KOHXpOJIB  3arpH3HeHHH  aXMOCf])epBI,  BOHbl  H  nOHBBi; 

-  KOHxpoaB  Hpe3BBiHaHHBix  cHxyamm  npHponnoro  h  xexHoreHHoro  xapaKxepa; 

-  HHtjropMaHHOHHoe  oSccneHCHHe  cejiBcxoro,  rrecHoro,  bohhoxo  h  MopcKoro  pbi6hoxo 
xo3HHCXBa,  noncKa  nojie3HBix  HCKonaeMBix,  cxpoHxenBcxBa,  3eMJieycxpoHcxBa; 

-  HH(j)opMaHH0HH0e  oSecneHeHne  HayK  o  3eMJie,  nocxpoeroie  h  pa3BHxne 
HHHaMHHeCKOH  MOflejIH  3eMJlH,  KaK  3KOJIOrHHeCKOH  CHCXeMBI. 

Ochoboh  cepHH  MajiBix  KA,  pa3pa6oxaHHBix  Hnn  BHHH3M,  aBJiaexca 


yHH(|)HitHpoBaHHi>m  cayaceSnbiH  MoayJib  (riJiax(|)opMa),  oOecnenHBaiomHH  xonnyio  TpexocHyK) 
opneHTapHK),  nporpaMMHbie  nOBopoxbi  KA,  aocxaxoHHoe  ojieKxpomrraHHe  h  coBpeMeiiHoe 
aBXOMaxxxiecKoe  ynpaBJieHHe  rionesHoii  Harpy3tcoH  h  cnyxceGHbiMH  <J)yHKnHHMH 


y HHCbHIIHPOBaHHBlfl  CJIVXteSHblH  MOHVJIb 

KoHcxpyKXHBHaa  ocuoBa  MO^yjia  noxasaHa  Ha  pHc.l  h  npeacxaBJiaex.  co6oh  paMy, 
H3roxoBJiaeMyio  H3  yrxrenjiacxoBbix  xpy6,  coeaHHeHnyio  c  MOHxaxcHbiMH  naHenaMH 
(A,  B,  C,  D). 

K  BepxHefi  nepeiaia^HHe  paMbi  xperiHxca  cojiHennaa  Oaxapex,  xapicac  Koxopofi  xaioxe 
BbinojiHaexca  H3  yrjiennacxoBbix  xpy6.  On  a  oSpamena  aKXHBHOH  cxoponon  no 
nanpaBJieHHio  +Y. 

CoJiHenHaa  Gaxapea  Kpennxca  HenoflBHxcHO  oxHocnxenbHO  xopnyca  KA. 

IlaHejiH  A  n  B  aBJiaioxca  ochobhbimh  aim  pa3MemeHHfl  xennoBbiaeJunomHX  6jiokob 
cayxceOnon  annapaxypbi  n,  nocKoitbKy  cojinennoe  H3JiyneHne  Ha  hhx  He  nonaaaex, 
onHOBpeMeHHO  Hcnojib3yioxca  b  icanecxBe  pa/xnanHomibix  noBepxnocxen.  ^Jia  yMeHbmeHHa 
Maccbi  naHejiH  HMeiox  coxoBoe  aanojmeHHe. 

Hecymaa  naHejib  ana  ycxaHOBKH  none3HOH  Harpy3KH  3aKpennaexca  Ha  paMe  b  xonicax 
a,  b,  c,  d,  e.  KoHcJmrypanHx  axon  naHejiH  Moxcex  MeHaxbca  b  3aBHCHMOcxH  ox  xnna  nonesnon 


9BTH.  /lira 
yaaneHHH  ox 


0,1 

0,1° 

<1° 

10'4  rpaa/c 


narpy3KH. 

CjiyxceSnaa  annapaxypa  npn  neoOxoaHMoexK  3aKpbmaexca 
xepMoperyjiHpoBaHHa  ycxpoftcxB,  y  cxan  aB.xn  b  aeMbix  Ha  neKoxopoM 
paananHOHHbix  noBepxHocxen,  Moryx  npHMeHaxbca  xennoBbie  xpy6bi. 

B  cocxaB  Moayjia  Bxoaax: 

-  cHexeMa  opneHxanHH; 
cHcxeMa  3iieprocKa6>KeH  n  a ; 

-  aBxonoMHaa  CHcxeMa  HaBnrauxm; 

SopxoBaa  cncxeMa  ynpaBJieHHa. 

OcHoenbie  mexmmecKue  xapaumepucmmu: 

-  -  MaxcHMajibHaa  norpeniHocxb  opHeHxapHH  Ha  3eMjno 

(no  xpeHy,  xaHraxcy) 

-  MaKCHMajibHaa  norpeniHocxb  opneHxannn  no  xypcy 

a)  b  pexcHMe  opSnxajibHOH  opHeHxannH 

b)  b  pe>KHMe  cojinenHO-seMHOH  opHeHxannn 
cxa6n;ibHocxb  no  yrnoBon  cicopocxn 
B03M0>KH0cxb  noBopoxa  ox  nojioaceHHH  opSnxajibHon  opHeHxannn 
no  Kaxcaon  och  Ha  aaaamibiM  yron  b  jno6yio  cxopOHy; 

-  o6m,aa  Macca  Moayna  ne  Gojiee  147  xr; 

-  cpeanee  aHeproriorpeOnemie  Moayna  (aexcypHbin  pe>KHM)  He  6onee  55  Bx. 
Annapaxypa  aBXOHOMHOH  naBHrannH  Ha  6opxy  HH3KOop6HxajibHoro  KA  oOecnenHBaex 

onpeaejieHHe  napaMexpoB  opSnxajibnoro  anaxceHna  neHxpa  Mace  h  yxoaa  6opxoBOH  niKajibi 
BpeMeHH  (BUIB)  KA  oxHocHxejibHO  BbicoKocxa6n;ibHon  inKajibi  BpeMeHH  HaBnranHOHHon 
cncxeMbi  FJIOHACC/GPS,  «npHBa3arraon»  k  yHHBepcajibHOMy  KoopaHHHpOBaHHOMy  BpeMeHH 
(UTC). 

OxainaeMbie  cpeaHeKBaapaxHnecKne  norpeniHoexH  Ha  MOMenx  npoBeaeHHa  ceaHca 
paanoHaBnranHH  cocxaBJiaiox: 
no  MecxonojioxceHHK): 

-  Baonb  h  nonepex  opSuxbi 
no  paanyc-Bexxopy 

no  op6nxajibHQH  ckqpocxh: 

-  Baonb  oponxbi 
nonepex  opOnxbi 
no  paanycy-Bexxopy 


8  - 10  m; 
20  -  22  m: 


4  cm/c; 

-  1 ,5  cm/c; 

-  3  cm/c 


KoivrnjxeKx  aKKyMynaxopHbix  Saxapen  cocxohx  Gaxapeil  xHiia  HKFK  -13flA 


eMKOcTtio  12  Ah. 

EopTOBaa  ynpaBJiaioinaa  cncxena  (BYC)  npeacxaBJiaex  coSoh  BBiHiicjiHxenBHyio  ceTB,  b 
KOTopyio  Bxoaax  GopTOBOH  MHoropejicBOH  KOMnBioxep  (BMK)  h  nepH^epHHHBie  aaanxepBi 
(II A).  IIA  npeacxaBJiaex  co6oh  KOMiiBioTep  c  Marion  BBiHKcnHxejiBHOH  moihiioctbio, 
o6cjiyB(HBaroiHHH  Ty  hjih  Hnyio,  b  c()yHKpnoHajiBH°M  oxHomeHHH  oxhochxcjibho  npocTyio, 
GopTOBVfo  annapaTypy. 

CncxeMa  BBinojmxeT  cneayiomne  4)Vhkii,hh: 

npHeM  TejieMCTpiIHCCKHX  CHrHaJIOB  OT  BCeX  SopTOBBIX  CHCXeM,  4>opMHpoBaHHe 
aexajiBHOH  h  oGoSipeimoH  HH^opMapHH  o  cocxohiihh  KA;  BBiaana  ee  b 
paanoKOMnaeKc  ana  nepeaaHH  Ha  Ha3eMHBie  cxhhhhh; 

npneM  KOManaHO-nporpaMMiioH  hhi]} opMapHH  ot  paaHOKOMnneicca,  BBiaana  KHH  b 
BMK. 

(fiyriKUHOiiaiBiioe  h  nporpaMMiio-BpeMeHHoe  ynpaBJieHHe  KA; 

-  4>OpMHpOBaHHC  6opXOBOH  HHCajlBI  BpeMeHH  H  ee  KOppeKTHpOBKy  no  aailHBIM  ACH; 

-  ynpaBJieHHe  BBiHHcnHxenBHofi  cexBio; 

AHaraocxHKa  coctohhhb  GopxoBBix  cncxeM,  ynpaBJieHHe  cncxeMaMH  b  HemxaxHBix 
CHxyan,Hxx  ana  BOCcxanoBJieinni  nopMajiBHOH  paGoxBi; 

CaMOKOHXpOJIB  H  CaMOBOCCXaHOBJICHHe; 

flByXCXOpOHHHH  H H (J) OpM aiJK OHHaa  CBH3B  C  HCnBIXaxeJIBHBIM  KOMnJieKCOM ; 

IIojio6hbih  cjiy>Ke6HBiH  MoaynB  jjaex  bo3MOXchocxb  cnpoeKxnpoBaxB  HecKOJiBKO  xhiiob 

MajiBix  cnyxHHKOB: 

a)  METOH  -  raapoMexeopo.xorHHecKoe  HaGjnoaeHHe; 

b)  3KOH  -  BKOnpHpOJJHBIH  MOHHXOpHHX,; 

c)  /(ETOH  -  ^exajiBHBiH  SKonpupoanBiH  MOiraxopHHr. 

d)  APJIOH  -  p  a  JI H  O  JJ  O  K  a  H  H  O II H  BI II  KOHXpOJIB  JieaOBOH  oGcxaHOBKH  B  IIOJIJipiIBIX 

panonax  h  apyrne  3aaaHH; 

KocMHHecxHH  annapax  METOH 

B  cocxaB  KA  Bxoaax: 

-  CBM  paanoMexp,  npeaHa3HaneHHBiH  ana  BepxHKajiBHoro  30naHpoBatiHa  xeMnepaxypBi 
h  BJiaxcHocxH  axMociJiepBi,  30H  h  HHxeHCHBHoexH  ocaaxoB,  onpeaeJieHHa  rpaHHH  h  napaMexpoB 
cHexoioro  h  jieaaHoro  noKpoBOB; 

-  BHK  paanoMexp,  npeaHa3HaHeHHBra  ana  nojiyneHHa  H3o6pa>i<eiiHH  b  BHaHMOM  h  HK 
ananaaoiiax  cneKxpa; 

-  BPK  (Gopxoboh  paanoKOMiuieKc),  npeana3HaHeHHBiH  ana  nepeaaHH  ochobhoh  h 
cay>Ke6Hoii  HHi})opMapHH  Ha  Ha3eMHBie  nyHKXBi,  a  xaioxc  ana  npHeMa  c  oaHoro  H3  nyincxoB, 
ocymecxBjxaiomero  ynpaBJieHHe  KA,  KOMaHaHO-nporpaMMHOH  HHifiopMannH. 

Ochobhoh  BapnaHx  none3HOH  Harpy3KH  npeaycMaxpHBaex  aoKajiBHyio  CBeMKy  BHK 
paanoMexpoM  (MCY-C3)  b  ceaHCHOM  pexcHMe  c  HenocpeacxBeHHOH  nepeaaneH  HHcjjopMaijHH 
Ha  Bee  BHaBi  H33eMHBix  npHeMHBix  nyHKxoB  h  c  oxjiaiKaeiiHeM  HK  npHeMHHKa  c  noMOipBio 
MHKpOKpHOreHHOH  MaiHHHBI. 

BxopoH  BapnaHX  nojie3HOH  Harpy3KH  npeaycMaxpHBaex  HenpepBiBiiyio  paGoxy  BHK  h 
CBM  paanoMexpoB  c  HaKoimeHHeM  Bceii  nojiyneHHOH  HHcJiopMaiiHH  b  GopxoBBix  3Y  h 
nocjieayiomHM  ee  cSpocoM.  3xhm  ycjioBHaM  paGdxBi  oxBenaex  BHK  paanoMexp  MCY-C4,  b 
KoxopoM  ana  oxjiaacaeHHa  HK  npneMKHKa  HcnoaB3yexca  paaHanHOHHBiH  xonoannBHHK  (PX). 

PacnexHaa  Macca  KA  cocxaBaaex  238  kt. 

KocMHHecKHH  annapax  3KOH 

B  cocxaB  KA  Bxoaax: 

-  MHoro30HajiBHoe  cKaHHpyiomee  ycxpoftcxBO  cpeaHero  pa3pemeHHa  (MCY-CKM), 
npeaHa3HaHeimoe  ana  nonyneHHa  H3o6pa>KeiiHH  noacxHnaiomen  noBepxHOcxn 
3eMnn  b  HHxepecax  HccjieaoBairaa  iipiipoaniax  pecypcoB,  npHpoaonon&30BaHHa  h 
KOHXpojia  3KOJiorHHecKon  oScxaiioBKH; 


MHoro30HantHoe  ycxponcxBO  BbicoKoro  paspemeima  (MCY-3M)  c  TeM  ace 
Ha3HaBeHHeM; 

-  GopxoBOH  pa^HOKOMnneKC  (BPK),  npeAHa3HaqeHHbiH  j\nx  nepe^ann  ochobhoh  h 
cjiyaceSHOH  HH<|)opMaiiHH  na  Ha3eMHbie  nyHKTbi,  a  xanace  ana  npHeivia  c  OAHoro  H3 
nyHKTOB,  npeAHa3HaHeHiioro  a-M  ynpaBJiennx  KA,  KOMaHAHO-nporpaMMHOH 
HH^OpMapHH. 

ripnGopbi  MCY-CKM  h  MCY-3M  oriepaTHBHo,  c  bxicokoh  atfxJjeKXHBHOcxxio  peuiaioT 
cjieAyiomHe  3aAamt: 

Ha6jnoAeHHe  aKOAoranecKoro  coctoshhs  aHTponoreHHbix  oGxckxob  h  hx 
B03AeHCTBHa  Ha  oKpyacajomyio  cpeqy; 

HHBeiiTapH3aHH»  c/x  yroAHH  h  caeaceHHe  3a  H3MeHeHHeM  hx  miomancH; 

BbiHBACHHe  onaroB  3aroparma; 

-  pemeHHe  k  ah  m  axil  ne  ckhx  sa/iaa,  cBjmmixix  c  H3M ep eHHeM  TeMnepaTypbi  oxeana; 
BbiHBaeHHe  pa3AHHHbix  reoAOXHHecKHX  cxpyKTyp  h  pemeHHe  3anaq  no  B03MoacnoMy 
3ajieraHHio  noAe3Hbix  HcxonaeMbix. 

h  TOMy  noAoGHbie. 

PacnexHaa  Macca  KA  cocxaBAaex  246  ki 

KocMi-mecKHH  annapax  HETOH 

B  cocTaB  KA  bxoast: 

-  TejieBH3HOHHaa  xaMepa  Bbicoicoro  paapemeima  (MCY-BP); 

-  TejieBH3HOHHaa  xaMepa  cBepxBbicoKoro  pa3pemeHHa  (MCY-CBP); 

-  CHCTeMa  onpeAeaeHHa  yraoBoro  nonoacemiH  KA  (COY); 

SopxoBOH  paAHOKOMimeKC  (BPK). 

J\jih  cxeMKH  HH(j;jop.\ranHH  KA  AOAaceH,  b  oGipeM  cayaae,  oxkaohhxxcji  ox  Ha^npa  no 
xpeHy  c  xeM,  mxoGxi  naBecxH  (nanejinxb)  BH3HpHyrc»  ocb  annapaxypbi  Ha  3aAaimxiH  ynacxoK 
MecxHocxH.  Y ro;i  noBopoxa  Moacex  AocxHraxx  30°  b  nioGyio  cxopoHy.  1  IpoAonascHxejixHOCxx 
noBOpoxa  Ha  yroii  30°,  b  xom  nncne,  pa3rona  h  xopMoaceirax  KA,  no  onenomibiM  ziaiiHLiM 
Moacex  cocxaBHXb  okoao  1  mhh.  riocae  cxeMKH  Aamioro  Kaqpa  KA  aoaxcch  ocymccxBHXb 
nepeHaneAKBaHHe  Ha  hobxih  panon.  Bo3moxchocxx  yraoBbix  MaHeBpOB  no  KpeHy  no3BOJiaex 
oGecnewrx  nepHOAHHHoexx  oGhobachha  HH^opMaimn  no  nioGoMy  ynacxKy  3cmhoh 
noBepxHoexH  He  Goaee  3-x  cyxox. 

BaacHbiM  xpeGoBaHHeM  k  KA  /(ETOPI  aBJiaexca  bobmoxchocxx  ocymecxBneHHA 
cxepeocxeMKH  3aAaHHoro  Kaqpa  3a  oahh  npoaex.  ripn  3xom  cxeMKa  oahoxo  h  xoro  ace  yxacxica 
MecxHocxH  npoH3BOAHxca  abb  pa3a  -  nepabiH  pa3  c  oxKJioHeHHeM  no  xaHraacy  Bnepen  h  Bxopon 
pa3  c  oxKJioneHHeM  naxaA  Ha  yroA  a=30°.  3a  BpeMa  npoaexa  ox  KOHna  nepBOH  ao  Hanaria 
Bxopon  cxeMKH  KA  Aonacen  ycnexx  3aHaxb  no3Hn;Hio,  HeoGxoAHMyio  aha  Bxopon  cxeMKH,  hxo 
B03M03CH0  npH  ycAOBHH  ycxanoBicH  Bxoporo  ABHraxena-MaxoBHKa  no  och  xaHraxca. 

Macca  KA  -  237  kx 

KocMHnecKHH  annapax  APJIOH 

B  cocxaB  KA  bxoaat: 

-  paAHonoKaxop  GoKOBoro  o63opa  (PJIBO),  npeAHa3HaneHHbiH  aa«  KOHxpoiia  (pa3BeAKH) 
neAOBOH  oGcxaHOBKH  b  nojiaptibix  pattonax,  b  xom  nncjie,  aaa  pa3AHHeiiHa  MOAOAoro  h 
MHoro.xexHero  axa a,  a  xaxace  aaa  pemenna  Apyrnx  3aAan; 

-  BHK  paAHOMexp  (MCY-C3),  H3o6paxceHHa  Koxoporo  AOAacHbi  cnocoGcxBOBaxx 
HHxepnpexanHH  ahhhxix  PJIBO; 

-  Gopxoboh  paAHOKOMrmeKc  (BPK),  npeAHa3HaneHHbiH  nepeAami  ochobhoh  h 
cnyaceGnoH  HH(J)opManHH  Ha  Ha3eMHbie  riyHKXbi,  a  xaicace  aaa  npiieMa  c  oahoxo  H3  nyHKXOB, 
ocymecxBAaiomero  ynpaBAeHHe  KA,  KOMaHAHO-nporpaMMHOH  KH(J)opMaHHH. 
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ABSTRACT 

The  results  of  preliminary  development  of  a  unified  service  platform  for  creation  of  small 
space  vehicles  (SV)  for  hydrometeorological  and  ecological  and  nature  resource  monitor¬ 
ing  are  presented  in  the  paper. 

In  designing  a  unified  service  platform  for  environment  control  the  concept,  taking  into 
account  the  tendencies  of  world  space  engineering  and  a  usual  conjuncture  in  the  field  of 
space  development,  is  adopted. 

The  creation  of  the  unified  platform  allows  on  its  base  to  develop  some  types  of  small  SV 
with  the  weight  up  to  250  kg  and  injected  to  sun-synchronous  and  near  polar  orbits  of  al¬ 
titude  about  650  km: 

a)  METON-  hydrometeorological  observation; 

b)  EKON-  ecological  and  nature  resource  monitoring; 

c)  DETON-  detail  ecological  and  nature  resource  monitoring; 

d)  ARLON-  radar  control  of  ice  situation  in  polar  regions  and  other  problems. 

The  creation  of  the  unified  service  platform  enables  to  decide  problems  of  environment 
control  by  creation  of  rather  cheap  small  SV  and  to  use  for  launch  more  light  and  low- 
cost  launch  vehicles. 

The  report 

INTRODUCTION 

Of  many  years  world  experience  testifies  that  hydrometeorological  and  ecological  and- 
nature  resource  monitoring  in  various  aspects  of  peace  use  remains  the  urgent  area  of  the 
space  engineering  application. 

The  minimization  of  the  expenses  for  creation  of  space  means  of  the  specified  purpose  re¬ 
sults  in  necessity  of  refusal  from  development  of  new  rather  large  and  expensive  SV,  for 
which  launch  the  launchers  of  mean  and  heavy  classes  with  a  launch  cost  nowadays  of  150- 
200  million  roubles  are  required. 

The  carried  out  studies  have  shown  that  the  problems  of  environment  control  from  space 
can  in  foreseeable  prospect  be  decided  by  creation  of  small  SV ,  which  are  rather  cheap  and 
allow  to  use  for  launch  more  light  and  low-cost  launch  vehicles,  including,  conversion. 

The  problems  of  nature  environment  monitoring  are  divided  into  5  main  groups: 

•  weather  forecasting  and  climate  changes; 

■  the  control  of  atmosphere,  water  and  soil  pollution; 

•  the  control  of  extreme  situations; 

■  information  support  of  agriculture,  forest,  water  and  sea  fish  industry,  search  of 

minerals,  construction,  system  of  land  tenure; 

•  information  support  of  the  Earth  sciences, 'construction  and  development  of  dynamic 

model  of  the  Earth,  as  ecological  system. 

The  basis  for  a  series  of  small  SV  developed  by  NPP  VNIIEM  is  a  unified  service  module 
(platform)  providing  a  precise  three-axis  orientation,  program  turns  of  SV,  sufficient 
power  supply  and  modern  automatic  control  of  payload  and  service  functions 


UNIFIED  SERVICE  MODULE 


The  mechanical  basis  of  a  module  is  shown  in  fig.  1  and  represents  a  frame  made  from  car¬ 
bon  plastic  pipes,  jointed  with  assembling  panels  (A,  B,  C,  D). 

To  the  upper  cross  beam  of  a  frame  the  solar  array  is  fastened,  which  framework  is  also 
executed  from  carbon  plastic  pipes.  By  the  active  side  it  is  turned  to  +  Y  direction. 

The  solar  array  is  fastened  motionlessly  as  related  to  SV  body. 

The  panels  A  and  B  are  the  main  for  arrangement  of  heat  releasing  units  of  the  service  in¬ 
strumentation  and,  as  the  solar  radiation  does  not  fall  on  them,  are  simultaneously  used  as 
radiation  surfaces.  For  decreasing  of  weight  the  panel  have  honeycomb  filling. 

The  lifting  panel  for  the  installation  of  a  payload  is  fixed  on  a  frame  in  points  a,  b,  c,  d,  e. 

The  configuration  of  this  panel  can  vary  depending  on  a  type  of  payload. 

The  service  instrumentation  is  if  necessary  closed  by  screen-vacuum  thermal  isolation 
(SVTI).  The  thermal  pipes  can  be  used  for  a  thermal  control  of  devices  installed  on  some 
distance  from  radiation  surfaces. 

The  module  comprises: 
attitude  control  system; 

•  power  supply  system; 

•  independent  navigation  system  ; 
onboard  control  system. 

Main  characteristics: 

■  -  maximum  error  of  orientation  to  the  Earth 

(in  a  roll,  pitch)  0  1° 

•  maximum  error  of  orientation  in  the  course 

a)  in  a  mode  of  orbital  orientation  0,1° 

b)  in  a  mode  of  solar-earth  orientation  <1° 

•  stability  in  angular  velocity  10'4  deg\sec 

•  capability  of  turn  from  position  of  orbital  orientation 

•  in  each  axis  through  a  specific  angle  in  any  direction; 

•  total  mass  of  a  module  no  more  than  147  kgs; 

•  mean  power  consumption  of  a  module  (on  duty  mode)  no  more  than  55  W. 

The  instrumentation  of  independent  navigation  onboard  the  low  orbital  SV  provides  defi¬ 
nition  of  parameters  of  orbital  motion  of  centre  of  mass  and  drift  of  an  onboard  time  scale 
(BTS)  of  SV  relative  to  high  stable  time  scale  of  GLONAS/GPS  navigational  system 
"referenced  "  to  the  universal  co-ordinated  time  (UTC). 

Expected  root-mean-square  errors  for  the  moment  of  radionavigation  session  carrying 
out  are: 
in  location: 

•  along  and  across  orbit  8  -  10  m; 

•  on  radius  -  vector  20  -  22  m  ; 

in  orbital  speed: 

•  along  orbit  3  -  4  sm/sec; 

■  across  orbit  1-1,5  sm/sec; 

•  on  radius  -  vector  2  -  3  sm/sec 

A  set  of  storage  batteries  consists  of  batteries  of  a  type  NKGK  -13DA  of  12  A/h  capacity 

The  onboard  control  system  (BCS)  represents  a  computer  network,  which  comprises  the 
onboard  multi-purpose  computer  (BMPC)  and  circumferential  adapters  (CA).  CA  repre¬ 
sent  a  computer  with  a  small  computing  power  providing  service  to  onboard  instrumenta¬ 
tion  rather  simple  in  the  functional  relation. 


The  system  executes  the  following  functions: 

reception  of  telemetry  signals  from  all  onboard  systems,  formation  of  detail  and  gen¬ 
eralized  information  about  SV  condition;  its  output  to  the  radiocomplex  for 
transmission  to  ground  stations; 

reception  of  comand-program  information  from  radiocomplex,  CPI  output  to  BMrC. 

•  functional  and  program-  time  SV  control; 

•  formation  of  onboard  time  scale  and  its  correction  according  to  INS  data; 

•  computer  network  control;  .  .  ,  . 

diagnostics  of  onboard  systems  condition,  control  of  systems  in  instandard  situations 

for  recovery  of  normal  activity; 

•  self-checking  and  self-recovery; 

bilaterial  information  communication  with  test  complex, 

The  similar  service  module  enables  to  design  some  types  of  small  satellites: 

a)  METON  -  hydrometeorological  observation; 

b)  ECON-  ecological  and  nature-resource  monitoring,; 

c)  DETON  -  detail  ecological  and  nature-resource  monitoring. 

d)  ARLON  -  radar  control  of  ice  situation  in  polar  regions  and  other  problems. 

Space  vehicle  METON 

The  space  vehicle  comprises: 

-  MICROWAVE  radiometer  intended  for  vertical  sounding  of  temperature  and  humidity 
of  atmosphere,  zones  and  intensity  of  deposits,  determitation  of  bounds  and  parameters  of 

snow  and  ice  cover;  .  u  , 

-  VIR  radiometer  intended  for  obtaining  the  images  m  visible  and  IR  vawebands; 

-  BRC  (onboard  radiocomplex)  intended  for  transmission  of  the  main  and  service  infor¬ 
mation  to  ground  stations,  and  also  for  reception  of  comand-program  information  from 

one  of  stations  executing  SV  control .  ,_-CTT 

The  main  version  of  a  payload  provides  a  local  survey  by  VIR  radiometer  (MSU-S3)  m 
session  mode  with  direct  information  transmission  to  all  kinds  of  ground  receiving  sta¬ 
tions  and  with  IR  receiver  cooling  with  the  help  of  microcryogenic  machine. 

The  second  version  of  a  payload  provides  VIR  and  MICROWAVE  radiometers  continu¬ 
ous  operation  with  accumulation  of  the  whole  received  information  in  onboard 
STORAGE  and  its  subsequent  downlink.  MSU-S4  VIR  radiometer,  in  which  for  IR  re¬ 
ceiver  cooling  the  radiation  refrigerator  (RR)  is  used,  conforms  to  these  conditions  of 

work. 

Calculated  SV  mass  is  238  kg. 


Space  vehicle  EKON 

The  space  vehicle  comprises:  ,  ,  „  ,  .  .  .  . 

medium  resolution  multispectral  scanner  (MSU-SKM)  intended  for  obtaining  the  im¬ 
ages  of  the  Earth  underlying  surface  in  the  interests  of  natur  e  resources  research 
and  ecological  conditions  control; 

high  resolution  multispectral  scanner  (MSU  -EM)  with  the  same  purpose; 

•  onboard  radiocomplex  (BRC)  intended  for  transmission  of  the  main  and  service  infor¬ 
mation  to  ground  stations  and  also  for  reception  of  comand-program  informa¬ 
tion  from  one  of  the  stations  designed  for  SV  control. 

MSU  -SKM  and  MSU  -EM  devices  operatively,  with  high  efficiency  decide  the  following 


^observation  of  ecological  condition  of  antropogeneous  objects  and  their  effects  on  an 


environment; 

•  inventory  of  agriculture  areas  and  the  control  for  their  changes; 

•  detection  of  sites  of  fire; 


•  solution  of  climatic  problems  connected  to  measurement  of  ocean  temperature; 

detection  of  various  geological  structures  and  solution  of  problems  on  possible 
minerals  deposition  and  other  problems. 

Calculated  SV  mass  is  246  kg 


Space  vehicle  DETON 

The  space  vehicle  comprises: 

•  high  resolution  television  chamber  (MSU  -BR); 
ultra-high  resolution  television  chamber(MSU  -SBR); 

•  system  of  SV  angular  position  observation(SOU); 
onboard  radiocomplex  (BRC). 

For  information  survey  the  space  vehicle  has,  in  general  case,  to  deviate  from  nadir  to  roll 
direction  so  that  to  target  the  sighting  axes  of  instrumentation  to  specific  district  segment. 
The  turn  angle  can  reach  30°  in  any  direction.  Duration  of  turn  through  30°  including  SV 
boost  and  braking  under  the  estimated  data  can  be  about  1  min.  After  the  given  frame  sur¬ 
vey  the  SV  should  execute  reorientation  to  new  region.  The  capability  of  angular  maneu¬ 
vers  on  a  roll  allows  to  ensure  periodicity  of  information  up-dating  in  any  of  the  Earth  sur¬ 
face  segment  no  more  than  three  days. 

The  important  requirement  to  SV  DETON  is  a  capability  of  implementation  of  specific 
frame  stereosurvey  for  one  flight.  Thus  the  survey  of  one  and  the  same  district  segment  is 
made  two  times  -  first  time  with  deviation  on  a  pitch  forward  and  the  second  -  with  devia¬ 
tion  back  through  a  =  30°.  During  flight  from  the  end  of  the  first  survey  to  the  beginning 
of  the  second  survey  the  SV  should  have  time  to  take  a  position  necessary  for  the  second 
survey,  that  is  possible  if  the  second  flywheel  engine  along  pitch  axis  is  installed. 

SV  mass  -  237  kg 


Space  vehicle  ARLON 

The  space  vehicle  comprises: 

-  side  view  radar  (SVR),  intended  for  the  control  of  ice  situation  in  polar  regions,  includ¬ 
ing  the  distinction  of  young  and  long-term  ice  and  also  for  the  solution  of  other  problems; 

-  VIR  radiometer  (MSU-S3),  which  images  should  promote  interpretation  of  SVR  data; 

-  onboard  radiocomplex  (BRC)  intended  for  transmission  of  the  main  and  service  infor¬ 
mation  to  ground  stations,  and  also  for  reception  of  comand-program  information  from 
one  of  the  stations  executing  SV  control. 

Calculated  SV  mass  is  252  kg. 


Fig.  1.  Universal  platform. 
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Fig.  2.  ARLON  SSV  under  fairing. 
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4.  EKON  SSV. 


MHKpocnyTHKKOBafl  nporpaMMa  areHxcxBa  no  oi/eHice  h  mccji e/ioBaHiiaM 

MO  BejIHKoSpHTaHHH 

P.A*.  Bjiott,  H.C.  Yajuic.  JXm.  Hbcc 
KocMHHecKHH  //enapxaMeux  #EPA 

Flocjie  4-x  jiex  ycnenmon  paSoxbi  Ha  opbnxe  //Ba  MHKpocnyTHHKa  /uih 
HccjieflOBaHna  KocMnnecKOH  xemojiorHH  (MHKT)  la  h  b  /ionojiHaxca 
BTopoH  OKcneflHHneH,  Koxopaa  6ynex  BKjnoaaxb  24  3KcnepHMeHxajibHbix 
nojie3Hbix  Harpy3KH  h  SKcnepKMCHxajibHyio  oxpa6oxoanyio  riJianjiopMy.  3xa 
SKcne/vn/Ha  6ynex  Hcno/ib30Baxb  ycaoBHa  opGHXbi,  nepexo/jHoii  k 
reocHHXpOHHOH  (nrO)  /via  oxpaBoxKH  paBoaero  HHCTpyMeHTa  /via 
KocMiPiecKHx  HCC/ie/iOBaHHH.  Lfajib  nporpaMMbi  MHKT-1  -  ripe/uioxcHTb 
nporpeccHBHbie  penieHixa  /via  rpaxv/aHCKOH  h  Boeiinon  KOCMiraecKOH 
cBa3H,  ^3,33  h  HaBnrai/HH  npn  nomuKeHHbix  3aTpaTax  a  pHCKax. 

Hcnojib30BaHHe  ycjioBHH  IirO  BKmoaaex  ycKOpeHHbie  HcnbiTaHHa  Ha 
/IOJirOBeaHOCTb  KOMnOHCHXOB  H  MaTepHajIOB,  TaKHX  KaK  HH4)paKpaCHbI6 
//exeKTopbi,  ycoBepineHCXBOBaHHbie  MHKponponeccopbi  h  aaeiocH 
coaHeaHbix  Gaxapen,  c  oxpaBoxKOH  xexHOJioraH,  noBbimaioiiiHX  aBXOHOMmo 
KA  h  KaaecxBO  CBa3H. 


P.^IiK.  Bjioxx 


The  United  Kingdom  Defence  Evaluation  and  Research  Agency 
Microsatellite  Programme 

R  J  Blott,  N  S  Wells  and  J  Eves 
Dera  Space  Dept 
Fax  01252  375329 

Following  4  successful  yeai-s  in  orbit,  the  UK  Defence  Evaluation  and 
Research  Agency's  two  Space  Technology  ^search  VeWcle  mtc^teUites 
fSTRV)  la&b  will  be  followed  by  a  second  mission.  STRV-lc&b  are 
construction  for  a  planned  launch  in  late  1999/  The  new  mission  which  in¬ 
cludes  24  experimental  payloads  and  development  spacecraft  bus  technologies 
from  European,  US  and  Canadian  military,  civil  and  commercial  sponsors, 
exploits  the  Geosynchronous  Transfer  Orbit  (GTO)  to  offer  an  affordable, 

working  space  research  tool  for  both  government  and  industry. 

The  STRV-1  programme  objective  is  to  promote  the  enhancement  ot 
military  and  civil  space  communications,  remote  sensing  and  navigation  ca¬ 
pabilities  at  reduced  cost  and  risk.  Additional  aims  are  to  help  industry  to 
achieve  commercial  benefit  from  investment  in  emerging  technologies  and  to 
develop  the  synergy  between  government,  commercial  and  civilian  space  ap¬ 
plications.  The  paper  explains  how  STRV-1  exploits  the  variable  altitude  and 
high  radiation  environment  of  GTO  to  investigate  the  performance  of 
emerging  technologies  and  techniques.  This  includes  the  accelerated  life 
testing  of  components  and  materials,  such  as  infra-red  detectors,  advanced 
microprocessors  and  solar  cell  technologies,  and  the  prototyping  of  new 
techniques  to  improve  communications  and  spacecraft  autonomy.  xP®n" 
ments  include  implementing  a  secure  version  of  the  Consultative  Committee 
for  Space  Data  Systems  (CCSDS)  packet  telecommand  and  telemetry  stan¬ 
dards,  further  development  of  the  Internet-based  Space  Communication 
Protocol  Standards  (SCPS)  and  evaluating  the  exploitation  of  the  Global 
Positioning  System  (GPS)  in  geosynchronous  orbit.  The  new  mission  also 
builds  on  and  extends  the  comprehensive  environmental  monitoring  achieved 

by  STRV-la&b. 


R  J  Blott 


MAKC-#: 

^eMOHCTpaijHOHHoe  H3AejiHe  aapoKOCMHHecKoii  chctcmm  MAKC 

F.E.  Jl03HH0-Jl03HHCKMM 

HIIO  “Mojthhh” 

123459,  MocKBa,  HoBonocejiKOBaa,  4 
Teji.:  007-(095)-492-95-55 

MAKC-/],  npeflHa3HaiieH  jum  BbiBo^a  Ha  HH3Kyio  OKOJio3eMHyio 
op6my  nojie3Hbix  rpy30B  Maccoii  ao  1,5  t  npn  ynejibnoH  ctohmocth 
3anycKa  MeHee  1500  aojui/kt. 

CaMOJieT-HOCHTejib:  AH-225  hjih  AH-124. 

Cy6op6HTajibHbm  caMojieT  -  MHoropa30Bbm  KpbuiaTbiH  ycKopHTejib  Ha 
ocHOBe  aapo^HHaMHHecKOH  KOH<:|jHrypaHHH  opOmajibHOH  cTynenH  MAKC  c 
)KP/I,  P/1,-120  Ha  KHCJIOpOflHO-KepOCMHOBOM  TOroiHBe. 

On  BKjiK3xiacT  cTjmeHb  Ha  ocHOBe  pa3roHHoro  OjioKa  “IHtopm”  c 
ztBHraTejreM  KHCJiopoflHO-BQflopoflHoro  THna  ll/],56y. 


r.  Jl03HH0-Jl03HHCKHM 


MAKS-D:  Demonstration  of  the  MAKS  Aerospace  System 
G.E.  Losino-Losinsky 

NPO  Molniya  -  Scientific  and  Production  Enterprise 
4,  Novoposelkovaya,  Moscow  123459,  Russia 
Tel:  007-(095)-492-95-55 

MAKS-D  is  designed  to  inject  commercial  payloads  into  orbit  (LEO) 
which  have  mass  up  to  1,5  ton  and  a  specific  cast  of  launch  less  than  $1500 

1/kg. 

Carrier-Plane:  AN-225  or  AN-124. 

Sub -orbital  Plane  -  Reusable  winged  booster  on  the  base  ol 
Aerodynamic  Configuration  of  the  MAKS  Orbiter  with  the  RD-120 
Oxygen/Kerosene  rocket  engine. 

It  includes  rocket  stage  on  the  base  of  the  Shtorm  type  booster 
technologies  with  the  11D56U  Oxygen/Hydrogen  rocket  engine. 


G.  Losino-Losinsky 


[E  MAKS-D  AEROSPACE  COMPLEX 
monstrator  of  the  MAKS  Aerospace  System 


THE  MA  KS iBp*  S  UB-ORBITAL  PLANE  -  Reusable  Booster 
of  the  MAKS  Orbiter  Configuration  with  the  RD- 120 


THE  MAKS-D  TRAJECTORY  -  Longitudinal  Pro j  ection 
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THE  MAKS-D  TRAJECTORY  -  Horizontal  Projection 

The  SOP  Cross  Range  Capability 


1200  km 


THE  MAKS-D  TRAJECTORY 
The  Carrier-Plane  and  Sub-Orbital  Plane  Separation 


the  MAKS-D  performance 
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COMMERCIAL  PROPOSAL 


NPO  MOLNIYA  proposes  for  development  not  expensive 
the  MAKS-D  Launch  System  including  3  stages: 

•  The  AN- 22 5  or  AN- 124  Carrier-Plane 

•  Sub- Orbital  Plane  -  Reusable  booster  on  the  base  of 
the  MAKS  Orbiter  with  Take-Off  Mass  of  55  ton 

•  Expendable  Rocket  Stage  on  the  base  of  the  SHTORM  type 
booster  technologies  with  Take-Off  Mass  of  7  ton 

Proposed  Launch  System  is  capable  to  inject  into  the  LEO 
(h  =  200  km,  i  =  51°)  payloads  up  to  1.4  ton 

Expected  economical  parameters  of  the  MAKS-D  system: 

•  Cost  of  the  research  and  design  work  -  about  300  mill,  dollars 

•  Cost  of  the  launch  -  approx.  1.35  mill,  dollars 

•  Specific  cost  of  the  payload  launch  -  about  1000  doll/kg 

System  can  be  created  in  3... 4  years  and  may  be  based 
on  the  Baykonur  cosmodrome 


Launching  capabilities  of  the  MAKS-D  system  can  be  essentially 
increased  (by  several  times)  in  case  of  necessity 


NPO  MOLNIYA  invites  interested  companies  for  participation  in 
the  joint  consortium  aimed  on  creation  of  proposed  economic 

Launch  system 


FORMULATION  OF  THE  TECHNICAL 
PROPOSAL  for  the  MAKS-D 


1.  NPO  MOLNIYA  Scientific  &  Industrial  Enterprise  as  a  member  of  planned 
consortium  proposes  reusable  Aerospace  System  -  the  MAKS-D  Demonstrator 
for  launching  commercial  payloads  into  satellite  orbits. 

General  Designer  -  Gleb  E.  Lozino-Lozinsky 

Main  elements  of  the  MAKS-D  Aerospace  System: 

.  Carrier-Plane  -  the  AN-225  or  AN-124  subsonic  aircraft; 

•  Sub-Orbital  Plane  -  Reusable  Booster  with  the  RD-120  oxygen/kerosene 

•  rocket  engine; 

.  Space  Stage  based  on  the  existing  or  developed  rocket  boosters. 

Cost  of  development  -  275  mill,  dollars 
Time  of  development  -  3... 4  years 

Reimbursement  of  the  investments  is  provided  approximately  in  1,5... 2 
years  after  beginning  of  the  Aerospace  System  exploitation. 

Profit  of  the  investor  is  defined  at  the  stage  of  business  plan  development. 

Guarantee  of  demand  on  the  Aerospace  System  is  provided  due  to: 

•  relatively  low  specific  cost  for  the  payloads  launch; 

•  creation  by  USA  before  the  2005  year  of  the  global  telecommunication 
.  system  which  require  launch  to  the  orbit  about  1000  communication 

satellites  with  mass  up  to  700  kg; 

•  absence  of  any  space  system  on  the  market  which  is  similar  to  he 

proposed  Aerospace  System; 

•  number  of  satellites  launched  by  rocket  systems  in  the  period  from  1993 
to  1996  is  about  15... 20  per  year  with  estimated  cost  of  the  launch  from  8 
to  15  thousand  dollars  per  kilogram; 

•  according  to  estimations  of  the  experts  decreasing  of  the  total  launch  cost 
for  all  programs  at  20%  will  lead  to  increasing  of  the  launched  satellites 

number  by  three  times. 

2.  Development  includes  manufacturing  of  one  study- training  system, 
technological  mock-up  and  mass -dimensional  mock-up  of  the  Sub-Orbital 
Plane-Booster  and  equivalent  on-board  subsystems. 


3.  For  the  program  of  the  System  exploitation  aimed  on  100  launches  per 
year  it  is  necessary  to  produce: 

•  one  aircraft-carrier; 

•  three  Sub-Orbital  Plane-Boosters; 

•  required  amount  of  the  rocket  stage  boosters. 


Cost  of  the  Carrier-Plane  modification: 


•  AN-225  -  7.4  mill,  dollars 

•  AN- 124  -  37.5  mill,  dollars 

4.  Technical  documentation  for  the  AN-225  and  AN-124  Carrier-Planes  are 
available. 

Technical  documentation  on  reusable  Sub-Orbital  Plane-Booster  is  developed 
on  the  base  of  aerodynamic  configuration  of  the  MAKS  Orbiter  with  the 
RD-120  rocket  engine. 

Technical  documentation  on  the  Rocket  Stage  Booster  is  developed  as 
modification  of  the  SHTORM  booster  stage  with  the  11D56U  oxygen- 
hydrogen  rocket  engine. 

5.  At  present  the  samples  of  proposed  Aerospace  System  are  not  available. 
One  sample  of  the  AN-225  Carrier-Plane  exists  now  and  prototypes  of  the 
AN-124  Carrier-Plane  at  presents  are  widely  used  for  cargo  transportation. 
CHRUNICHEV  Space  Research  &  Production  Center  has  developed  technical 
documentation  on  oxygen-hydrogen  booster  module  of  the  SHTORM  type 
(advance  project). 

6.  Some  elements  of  the  Aerospace  System  -  the  MAKS-D  Demonstrator  are 
protected  by  patents.  Carrier-Plane  has  license. 

7.  For  realization  of  the  project  certain  design-project  works  are  necessary 
as  well  as  manufacturing  preparing. 

8.  Cost  of  the  required  design-project  works,  manufacturing  preparing  and 
producing  of  one  experimental  sample  of  Aerospace  System  is  275  mill, 
dollars. 

9.  Basic  stages  of  creation  and  preparing  for  exploitation  of  the  System: 

•  1-st  stage  -  development  and  manufacturing  of  the  first  sample  of  the 
System.  Duration  3... 4  years. 

•  2-nd  stage  -  certification  tests  of  separate  elements  of  the  System  and 
first  commercial  flights.  Duration  1  year. 

•  3-rd  stage  -  program  of  the  System  commercial  exploitation,  beginning  of 
the  stage  in  4.. .5  years  after  the  start  of  development. 

10.  Qualification  of  the  Aerospace  System  will  require  ground  and  flight 
tests. 


11.  Ecological  expertise  of  the  project  does  not  carried  out. 

12.  Financial  investments  of  the  NPO  MOLNIYA  and  other  companies- 
participants  will  be  determined  precisely  at  the  formation  of  consortium. 

13.  Most  attractive  features  of  the  MAKS-D  Aerospace  System. 


•  launch  into  the  satellite  orbit  of  commercial  payloads  with  mass  up  to  1,5 
ton  at  specific  launch  cost  about  1000  dollars  per  kilogram, 

•  possibility  of  use  already  available  aircrafts  AN-225  and  AN-124; 

•  availability  of  basic  advanced  projects; 

•  availability  of  the  System  basing  on  the  Baykonur  Launching  Center  and 

on  other  centers;  . 

•  possibility  of  essential  increasing  (by  several  times)  of  launched  mass  m 

case  of  necessity; 

•  effectiveness; 

•  ecological  cleanness. 


14.  The  table  of  comparable  parameters  of  the  proposed  Aerospace  System 
and  concurrent  Systems 


System  name. 

Company-manufacturer 

Development 
;  Cost, 
mill-  dollars 

Availabi¬ 
lity  of  the 
System 

Cost  of  the 
Payload 
Launch, 
$/kg 

1 

Aerospace  System  - 

the  MAKS-D  Demonstrator, 

Prooosal  of  NPO  MOLNIYA,  Russia. 

275 

3000...  4000 

2 

PEGASUS  Aerospace  System, 

USA 

4- 

27800 

3 

The  X-34  Aerospace  System  - 
technology  demonstrator,  USA 

150... 700 

_ 

5000... 8800 

4 

TAURUS  -  light  class  Rocket 
Launcher,  USA 

+ 

17200 

nporpa.MMa  MHKpo/iBHrarejieH  NASA  SBIR 

Author:  Charles  Mulford,  Co-Author:  Constantin  Geangu 
Marotta  Scientific  Controls,  Inc. 

78  Boonton  Ave.  PO  Box  427 
Montville,  NJ  07045-0427,  USA 
tele:  973-334-7800 

<I>HpMa  Marotta  Scientific  Controls,  Inc.  (MSCI)  npo^ojixcaeT 
pa3pa6oTKy  MHKpoflBnraxejien  no  nporpaMMe  NASA  SBIR  (Small  Buisiness 
Innovative  Research).  DiaBHbiMH  pe3yjibxaxaMU  nporpaMMbi  SBIR  HBjunoTca 
AOCTIOKeHHa  B  oOjiaCTH  TeXHOJIOFHH  MHKpOCnyTHHKOB. 

MSCI  HccjTenoBajia,  pa3pa6oxajia  n  H3roTOBHjia  MHHnaxiopHbm 
ra30Bbin  flBuraTejTb  cpc/niero  flaBjiemra,  pa3,ziejiHxejibHbiH  KJianaH,  b 
kotopom  Hcnojib30BaHa  MHKpoMauinHHaa  TexHojionw,  a  xaicxce 
3/ieKTpOHHbIH  npHBO/1  C  HH3KHM  3HepronOXpe6jieHHeM  flJIH  nOBOpOTa 
yCTpOHCTB. 

MSCI  cnpoeKTHpoBajia,  nocxpoHJia  m  no^TBep^njia  HcnbixamuiMH 
xapaKTepncTHKH  MHKpoflBHraxejra  n  H3roxoBHJia  MHKpoKJianaH  c 
HCnOJIb30BaHHeM  HOBOH  l  eXHOJIOrilH. 

9to  no3Bojinjio  yMeHbmuTb  3anacbi  ToroiHBa  b  peaKXHBHon  cncxeMe,  a 
xajOKe  3ape3epBHpoBaTb  Karonbi  b  3ji e KTp on,B h raxeji e . 

B  cxaxbe  npeflcxaaxena  nmfiopMamni  06  ncnwxaHax  n  pe3yjibxaxax, 
flocxnrHyxbix  Ha  2-m  sxane  nporpaMMe  SBIR. 


H  MmicfiopA 


The  NASA  SBIR  Microthruster  Program 

Author:  Charles  Mulford,  Co-Author:  Constantin  Geangu 
Marotta  Scientific  Controls,  Inc. 

78  Boonton  Ave.  PO  Box  427 
Montville,  NJ  07045-0427,  USA 
tele:  973-334-7800 

Marotta  Scientific  Controls,  Inc.,  (MSCI)  continues  development  of 
Microthruster  (MT)  under  the  NASA  Small  Business  Innovative  Research 
(SBIR)  Program.  The  SBIR  topic  requested  advancements  in  microspacecraft 

technology.  .  , 

MSCI  investigated,  designed  and  produced  a  moderate  pressure,  minia¬ 
ture  gas  propellant  thruster  and  separately  a  valve  which  utilizes  MEMS  mi¬ 
cromachining  technology,  and  a  low  power  electronic  driver  to  actuate  the 
devices.  MSCI  designed  built  and  tested  the  thruster  performance,  and  pro¬ 
duced  a.  micro  valve  using  similar  technology.  The  technology  reduces  the 
size  of  components  used  in  propulsion  system,  such  as  valveing  required  for 
redundant  cathodes  in  electric  propulsion. 

The  results  and  test  data  collected  during  Phase  2  of  the  SBIR  program 
is  presented.  The  presented  data  demonstrates  the  desired  performance. 
MSCI  provides  the  following  data  and  results:  tight  leakage  data  over  antici¬ 
pated  life,  demonstration  of  operation  over  the  pressure  and  temperature 
range. 


C.  Mulford 


MHOrOcJiyHKHHOHaJIbHWH  MHKpOCnyTHHK 
fljia  HayqHbix  Hccjie^oBaHHH:  Komjeimna  nocxpoeiraa, 
cxpyKxypHaa  cxeMa  -  opramraaijiia  pa6ox 

IQ.H.AracjjoHOB,  B.B.XparreeHKOB 
HKM  PAH 

117810,  r.MocKBa,  TCri-7,  yji.  npo<i)coio3Haa,  84/32 
Teji.:  (095)  333-52-12 
IT.TpHCKa,  fl.BoHxa 
HrOH,  Hexua 

3a  iiohth  40  jieT  cymecxBO  Banna  ko c  mhh  e  c khx  annapaTOB  b  Mnpe  Ha- 
koitjich  OojibinoH  onbiT  b  hx  KOHcxpynpoBaHnn ,  pa3Mem;eHHH  Ha  hhx,  B 
HACTHOCTH,  HayaHbix  npnSopoB,  cocxaBJieHnn  HayaHbix  nporpaMM  no- 
JieTa  b  nojiyqeHHM  BaxcHenmnx  HayaHbix  pe3yjibTaTOB.  B  qacxHocxn,  b  Hh- 
CTHTyTe  KOCMHieCKHX  HCCJieflOBaHHH  Pocchhckoh  AKa^ieMHH  HayK  (HKH 
PAH)  h  MHCTHTyre  (Jjhshkh  axMoccf)epbi  AKa^eMHH  HayK  HemcKon  Pecny- 
6jihkh  (HOA  AH  HP)  coa^aHa  h  OTpaOoTana  b  xeaemie  #Byx  flecaxHjiexHH 
Ha  KocMiraecKHX  annapaTax  cepnn  MATHOH  MexoflHKa  co3^aHna,  3anycKa 
m  nojiyqeHHa  HayaHbix  pe3yjibxaxoB  c  npHMeHeHueM  MHKpocnymHKOB 
(npoeKTbi  MATHK,  AKTHBHblH,  HHTEPBOJI).  3xa  Mexo^HKa  nc>3Bojia- 
eT  KOHCTpyupoBaTb  Ha  coBpeMeHHoft  ajieMeHTHOH  6a3e  Manwe  cnyxHHKH 
BecoM  40  -5-  80-100  kt,  KOTOpbie  naioT  bo3moxchoctb  npoBeaciraa  nojiHo- 
ueHHbix  komiui eKCHbix  Hccjie^oBaHHH  napaMeTpoB  HHOctJjepbi  h  ^p.  h, 
BMecTe  c  TeM,  Moiyr  co3,naBaxbca  b  HeSojibumx  fi  ay  a  ho  -  xe  xh  h  4  e  c  khx  koji- 
jieKTHBax,  oOjia^aa  em,e  h  xbkhm  aocxohhcxbom,  KaK  neBbicoKaa  cxoHMOcxh. 
ripn  3xom  B03Mox<Ha  iunpoKaa  Koonepamw  yaeHbix  h  HiDKenepoB  paaHbix 
cxpaH;  xaK,  HanpHMep,  b  MajibiH  cnyxHHK  MArHOH-4  bjioxch  xpy#  koji- 
JieKXHBOB  H3  12-xh  cxpaH. 

,HOCXOHHCXBOM  X3KOH  KOOnepapHH,  nOMHMO  nOCXOHHHOrO  oOMCHa 
MOKjiyHapou HbiM  onwxoM,  aBJiaexca  xaicxce  B03MoxcHocxb  reorpa^naecKoro 
pacninpenna  30H  npneivia  Hayanon  HH^opMaunn;  xapaKxepncxnKH  npHMe- 
HaeMbix  Ha  xaKHX  annapaxax  KOMaimHO-xejieMexpnaecKOH  paflHOJiHHHH  no- 
3Bojiaiox  co3#aBaxb  Hefloporae  cTanpHH  npneivta  h  ynpaBjieHna. 


K).Ara(J)OHOB 


IlpoeKT  HH3KOOp6HTaJlI»HOH  KOCMHHeCKOH  CHCTCMbl  CBH3H  “FoHCLl 

(He.nn,  3aflaHH,  npo/iBHiKeHHe) 

Ko3Hob  B.H.,  MapTbiHOB  A. A. 

PoccHHCKoe  KOCMH^ecKoe  areHTCTBO 
129857,  r.  MocKBa,  yji.  IU,enKHHa,  42 
(DaKc:  (095)  288-90-63 

Kosjiob  AT.,  F pa<J)o;iaxcKHH  O.C. 

HnO  npHKJia^noH  MexaHHKH  hm.  axafleMHKa  M.O.  PemeraeBa 
662990,  r.  )KeJie3HoropcK  KpacHoapcKoro  Kpaa,  yji.  JleHHHa,  52 
Oaxc:  (391-97)  2-26-35 

TaMapKHH  B.M.,  BjiacoB  B.H. 

HHH  xohhbix  npaSopoB 
127490,  r.  MocKBa,  IOpjiobckhh  nep.,2 
Oaxc:  (095)  404-79-66 


OAHHM  H3  OCHOBIIblX  HanpaBJieHHH  pa3BHTHH  enyTHHKOBbIX  CHCTeM  CB33H  c 
Havana  90-x  roflOB  aBJiaexca  co3,n;aHHe  cncxeM  Ha  6a3e  HH3Koop6HTajibHbix  KA.  B 
Haeroamee  BpeMa  b  MHpe  paxpaSaxBiBaexca  okojio  20  pa3JiHHHbix  HaipiOHajiBHBix  h 
MeXCHyHapOflHblX  IipoeKXOB  HH3K00p6HXajIbIIBIX  CHCXeM.  CxOJIb  BBICOKHH  HHXepeC  K 
HH3KOOp6HXajIbHOH  CBK3H  o6yCJIOBJieH  CJlC/iyiOUHIMH  OCHOBHbIMH  npHHHHaMH: 

•  op6hxh  HH3Koop6HxajibHbix  cnyxiiHKOB  npoxoflax  3HairaxeJibHO  6ji«xce  k 
3eMJie  (700-1  500km)  no  cpaBHeHHio  c  reocxauHonapiibiMH  h  bbicoko- 
BjumnxHHecKHMH  op6HxaMH,  nxo  no3BOJiaex  cymecTBeiiHO  chh3hxb 
aHeprexHKy  paaHOJiHHHH  h  HMexb  Ha  3eMJie  Majxora6apHXHbie  a6orieHxcKiie 
xepMHHajibi  (AT)  BecoM  ox  0,5  m  3  Kr  npn  HeSojibmHX  pa3Mepax  aHxeHip 

•  3eMHbie  cxaHHHH  (AT)  Moryx  6bixb  pa3MemeHBi  Henocpc/icxBCiiiio  y 
noJib30BaxeJis,  nxo  cymecxBeHHO  pacmupaex  c<J)epy  xejieKOMMyHHKannoH- 
hbix  ycayr,  o6ecnenHBaa  bosmojkhocxb  rnoSariBHOH  nepcoHajiBHOH  cb33h, 

•  xeHAeHUHen  k  nepcoHajiBHOH  cbh3h; 

•  B03MoxcHocxbK)  oSecneneHHa  rno6aJibHocxH  cbhsh; 

•  HH3KHMH  XapK^aMH  Hcl  yCJiyrH  CBH3H  h  nenaMH  Ha  aGoHeHXCKHC 
xepMHHajibi. 

HH3Koop6Hxajibiibie  cnyxiiHKH,  KaK  npaBHJio,  HMetox  Heooiibmyfo  Maccy  h 
Moryx  BbmoflHXbca  Ha  op6nxy  KaK  paKexaMH  Manoro  KJiacca,  ^opaOoxaHHBiMH  b  paMKax 
KOHBepcHOHHbix  nporpaMM  (oflHHOHiibie  nycKH),  xaK  h  cpefliiero  KJiacca  (rpynnoBbie 
3anycKH),  npn  sxom  3anycKH  oxhochxcjibho  aemeBbi.^ 

KpoMe  xoro,  MHorocnyxHHKOBbie  HH3Koop6Hxari&HBie  cncxeMbi  oOnanaiox 
noBbimeHHOH  xcHBynecxbio  3a  cnex  xoro,  hxo  blixo/i  H3  cxpoa  opHoro  hjik  HecKOJibKHx 
KA  cncxeMbi  He  npHBOAHX  k  KaxacxpocfmHecKHM  nepep&iBaM  b  cbh3h.  B  xo  ace  BpeMa 
HH3KOop6nxajibHbie  cncxeMbi  oS.xaaaiox  h  paflOM  HepocxaxKOB,  ochobhbim  H3  Koxopbix 
aBJiaexca  nepeMexpaeMocxB  KA  oxHOCHxejibHO  aSonenxa,  hxo  npKBO/iHx  k 
HeoSxOflHMOCXH  CJIO>KHOH  OpraHH3aHHK  CB33H. 


O.  rpa4)oaaxcKHH 


K  HacroameMy  BpeMeHH  cjio>khjiocb  neneHHe  HH3Koop6HTanBHBix  chctcm  cba3h 
Ha  TpH  KJiacca: 

nepBtm  KJiacc  -  aro  Maji&ie  HH3Koop6HTaiTbHbie  chctcmbi  cnyTHHKOBOH  cbash 
(litlle  LEO)  c  kocmhhcckhmh  annapaxaMH  BecoM  no  HecKonBKHX  cot  KHJiorpaMM  h 
npeflHasnaHeHHbie  a™  naKeraoH  nepenanH  /jamibix  (NON  VOICE,  NON  GEO, 
NVNG). 

/(nanaaoiibi  nacTOT  i\mi  chctcm  btoto  KJiacca  neaiaT  mince  1  ITi],. 

Btopoh  KJiacc  -  6ohbhihc  HH3Koop6HTajibm>ie  chctcmbi  cnyTHHKOBOH  cba3H 
(big  LEO)  c  KOCMHHecKHMH  annapaTaMH  bccom  or  300  no  700  kt.  3th  chctcmbi 
iipeaHa3HaieHBi,  b  ochobhom  «na  oOecneneHHH  aOoneHTOB  panHOTeneiJiOHHOH  cba3bio, 
h  KaK  ^onojiHHTejibHaK  ycjiyra  -  nna  nepenann  namiBix. 

K  TpeTbeMy  Knaccy  othocatch  Tax  Ha3BmaeM&ie  cynepSojitniHe 
HH3KOop6HTajn.Hi.ie  chctcmbi  -  Teledesik,  Skybridge  h  x.n.  npenHa3HaHeHH&ie  njia 
peajiH3au,HH  b  KocMoce  HH<|>opMaiiHOHHOH  cynepMarncTpajiH  (MirrepHeT  b  He6e). 

HKCC  «roHeii»  no  npHBe/ienHOH  KJiaccnc^HKaiiHH  othochtca  k  KJiaccy  MajiBix 
HH3KOOp6HTaJIBHBIX  CHCTCM  CnyTHHKOBOH  CBA3H,  3aHHMaS  B  3TOM  KJiaCCe  KaK  6bl 
BepxHHH  ypoBeHB  (HajiHHHe  He6o.nBinoro  nncjia  pencBbix  KaHajioB,  choco6hoctb 
IiepejiaBaTB  OTHOCHTeJI&HO  OO.TBIIIHe  HHljlOpMailHOHHBie  MaCCHBBI  H  tjt) 

B  Marepnajiax  nacToameH  CTaTBH  onncaiiBi  ochobhbic  rhttbt  ycnyr, 
npejFOCTaBjiaeMBie  chctcmoh  «roHeii»,  KaK  Manon  HH3Koop6HTanBHOH  chctcmoh 
cnyTHHKOBOH  cba3h,  naHa  oneHKa  pBiHKa  ycnyr  tbkhx  chctcm,  onpeneneno  mccto 
HKCC  «FoHeu,»  cpe/pi  npyrux  HH3Koop6HTaji&HBix  chctcm. 

PaccMOTpeHBi  TaiGKe  ochobhbic  xapaKTepHCTHKH  kocmhhcckoio  KOMnjieKca 
HKCC  «roHeii». 

Bhjibi  ycjiyr,  npenocTaBjmeMbix  HKCC.  h  oueHKa  norpeSHTejibCKoro  pbiHKa 

Pa3H&ie  KnaccBi  HKCC  opHeHTHpoBaHBi  Ha  pa3HBie  bhjibi  npencTaBJiaeMBix 

ycnyr. 

MajiBie  HKCC  opneHTHpoBaiibi,  b  ochobhom,  Ha  cnenyioiiiHe  KJiaccBi  ycnyr: 

1.  Ycnyrn,  CBnaaiiribie  c  onpeaeneiiHeM  MecTononoaceHHa  oSneKTa. 

2.  Ycnyrn,  CBH3aHHBie  c  MOHHTopHHroM  o6bcktob. 

3.  nepcoHanBHaa  cbabb. 

K  nepBOMy  Knaccy  othocatca  ycnyrn  no  nsy CTopoHHeMy  o6MeHy  HH(|)opMaHHH 
C  rpy30BHKaMH,  TBKCH,  KOpaSjTAMH,  aBT0M06HnBIIBIM  H  Hiene3H0JI0p0ACIIBIM 
TpaHcnopTOM ,  a  thkikc  ycnyrn,  CBA3aHHbie  co  cnyacOon  noHCKa  h  cnaceHHa. 

Ko  BTopoMy  Knaccy  othocatca  ycnyrn,  CBA3aHHbie  c  MOHHTopHHroM 
OKpyncaionieH  cpen&i,  a  TaKnce  coopoM  HHcjjopMaijHH  co  chcthhkob  pacxona  pecypcoB 
(aneKTpoaHeprHA,  ra3,  sona),  ohchkoh  cocToairaa  3naiiHH  h  np.  o6bcktob 
npoMBimneHiioH  neaTenBHOcTH. 

K  TpeTBeMy  Knaccy  othocatck  ycnyrn,  cB33aHHBie  c  rao6anBH&iM  neftjiacHHroM, 
TeneonpocaMH,  onepapiiaMH  c  kpchhthbimh  KapronKaMH,  TeneoSynerraeM, 
TeneMejiHiiHHOH,  6e3onacriocTBio  oSlcktob  h  T.n. 

npaKTHnecicHM  Bee  co3naBaeMHe  Mannie  HKCC  opHeHTHpoBaHBi  tojibko  Ha 
o6ecneHCHHe  ycnyr  1-oro  h  2-oro  KnaccoB.  HKCC  «Fohcii»,  onHaKO,  b  cnny  cbohx 


O.  I  ’pacjionaTCKHH 


xapaKTepucTHK  cnoco6Ha  npejjocxaBJisxb  ycnyra  h  no  oSecnenentno  nepcoHan&Hon 
CBH3bK). 

BoJibmne  HKCC  opHeHXHpoBaHbi  Ha  cjie/iyioinHe  ochobhwc  bh^m  ycnyr: 

•  pannoTejie^OHHaa  cbjol  c  noaBnacHbiMH  h  cxannoHapHbiMH  a6oHeHTaMH, 

•  nepenana  (jiaKCHMHJibHOH  HH^opManHH, 

•  rjioSajibHbiH  neflflHCHHr, 

•  nepe^ana  Hmf)opMan,HH  o  MecxonojioaceHHH  no^BnacHbix  oSbcktob, 

•  nepenana  MeaocoMnbioxepHOH  HinjiopManHH. 

CBepxGojibmne  HKCC  opHeHTHpoBaHbi  Ha  nepenany  oneiib  SoJibniHX  MaccHBOB 
HH(J)opManHH  no  HHcJ)opMaii;HOHHOH  cynepMamcTpajiH  n  BbicoKOKaiiecTBCHnon 
nepenann  penn  no  mnpoKonoJiocHbiM  KaHanaM. 

YnnTbiBaa  npHHaAJieacHocxb  npoeKTHpyeMon  chctcmbi  k  KJiaccy  Manbix  HKCC, 
ocHOBHoe  BHHMaHHe  b  Maxepnajiax  cocpenoxoneno  Ha  aHajnoe  eMKoexn 
noTpeSnTejibCKoro  pbiHKa  nepe/janH  ,n;aHHbix. 

K  ocHOBiibiM  KareropnflM  nojib30BaxejieH,  Ha  Koxopwe  Moacex  6biTb 
opneHTHpoBaH  pEHiOK  ycjiyr  HH3KOop6nTajibHbix  cncxeM  cbh3H  oxhocbxcs 
cjienyfonine. 

1 .  PernoHbi  co  cjia6o  pasBHXOH  (hjih  c  noJiHbiM  oxcyxcxBHeM) 
HH^paCTpyKTypOH  CBH3H. 

HH3KOop6nTajibHbie  ciicxeMbi  npaKXHnecKH  He  hmciot  anbxepHaxHBbi  npH 
opraHH3annn  cbb3H  b  nojiapHbix  ntnpoxax  n  b  pernoHax  co  cjia6opa3BiixoH 
HH(J>pacxpyKxypon  cbhsh  h  HH3KOH  iuioxHOCxbio  naceJieHHH.  K  xaKHM  pernoHaM 
OXHOCHXCH  OOJIblllHHCTBO  pa3BHBaiOII];HXCH  cxpaH,  B  KOXOpbIX  npo>KHBaex  OKOJIO 
3  MJipn.  nejioBeK  hjih  60%  HacejieHHa  3eMJiH.  Bojibinyio  nacxb  xeppnxopHH  Pocchh  h 
cxpaH  Ojinaciiero  :?apy6e>Kb5i  xaioxe  cnenyex  oxHecxn  k  xaKHM  pernoHaM. 

06ecneneHHe  /HBycxopoiiHefi  CBS3H  Meacny  aOoHenxaMH,  Haxonainnxcx  b 
MajioHaceJieHHbix  h  xpy^nonocxynubix  panonax,  cenbCKHX  nocejiKax  h  .nepeBHax, 
HBJixexca  KjnoneBbiM  cexxopoM  pbiHKa  HH3Koop6HxajibHbix  CHCxeM.  npH  opneHxanHH 
Ha  3xox  pbiHOK  c.xenyex  ynHXbmaxb,  nxo  ypoBeHb  rmaxe>i<ocnoco6Horo  cnpoca  b  sxhx 
perHOHax,  KaK  npaBHJio,  hobbicor. 

K  axon  ace  KaxeropHH  nojib30Baxejien  cjie/iyex  oxHecxn  aSoHeuxoB, 
HaxoAanjHxcx  b  3KcnenHnmrx.  reojiorHnecKHX  napxnax,  x.e.  Bcex  xex,  kxo  ynajien  ox 
Ha3eMHbix  coxoBbix  hjih  xejie<])OHHbix  cexen  cbsbh.  HMeioxca  h  npyrae  nojib30BaxejiH, 
opHeHXHpoBaHHbie  Ha  ycjryrH  sjieKxpoiiHOH  nonxbi.  cnyxHHKOBoro  pannoxejiecjioHa  h 
neippKHHroBOH  CBH3H. 

MnpoBaa  noxpe6HOCXb  b  ycjiyrax  ajieKxpoHHofl  nonxbi  h  ycnyr  nepcoHajibHoro 
Bbi30Ba  cocxaBJiaex  20  mjih.  noJib30Baxe.JieH. 

2.  rno6aJibHbie  BejiOMCXBeHHbie  hjih  KopnopaxHBiibie  cexn  nepenann  nainibix. 

Bojibinyio  nonyjiapHocxb  b  MHpe  iiojiynHUH  jioKajibHbie  BbWHc.xnxejibHbie  cexn. 
OCHOBHOH  HX  HejJOCXaXOK  -  3X0  OXpaHHHCHHOCXb  30HbI  JjeHCXBHH.  BHenpeHHe  CpeflCXB 
cnyxHHKOBOH  cb33H  b  JioKajibHbie  (LAN)  hjih  xeppHXOpHaJibHbie  cexH  (WAN) 
3axpy^HeHO  npn  HcnoJib30BaHHH  cymecxByioinHX  cncxeM  cnyxiiHKOBOH  CBH3H.  Tojibko 


O.  Fpa^onaxcKHH 


c  noHBJieHHeM  cpejicxB  nepcoHajibHon  cbhxh  bosmojkho  cosnaHne  niooajibHbix  cexen 
nepe^ann  ^aHHtix.  Hn3Koop6nxajibHbie  cncxeMbi  oOecnenax  He  xojibko  CHnxceHne 
3aTpaT  Ha  oObe^HHeHne  aoicajibHbix  h  xeppnxopnajibHbix  cexen,  ho  h  no3BOJiax 
cBH3aTB  Meacfly  co6on  nojib30Baxejien  pa3JiHHHbix  o(J)hcob,  (fmpM,  h  hx 
MHoroHiicjieiiiiLix  OTflejteHHH,  pa36pocaniiLie  no  BceMy  MHpy.  C  noMomtio  axnx  cexen 
MOXCHO  npOH3BeCTH  o6MeiI  SaHKOBCKOH,  MCAHHHHCKOH,  HayHHOH  H  HpyrHMH  BHflaMH 
HH(J)opManHH.  J\jm  3Toro  nocxaTOHHo  ycxaHOBHXb  a6oHCHxcKHH  xepMHuan  Ha  ohho  H3 
paSoHHx  Mecx  nojib30Baxejia  h  aOonciixbi  Been  jioKajibHon  cexn  nonynax  aocxyn  k 
y^ajieHHbiM  cexaM  h  hx  6a3aM  /jaHHbix. 

3.  rio^BHXCHbie  oGneKxw,  xpaHcriopx. 

Oahhm  H3  HanSoJiee  MaccoBbix  nojib30Baxejien  na  pbiHKe  ycjiyr  CB33H 
xbjijhoxcx  noflBHKHwe  aSoHeHXbi.  Hn3Koop6nxajibHbie  cncxeMbi  no3BOJunox 
opraHH30Baxb  CBH3b  c  aBxoMamHHaMH,  caMoiiexaMH,  cynaMn  h  noea/iaMH.  Pbihok,  Ha 
KOXOpblH  paCCHHXblBaiOX  IIOHBHXCHbie  CHCXeMbI  enyXHHKOBOH  CB33H,  BKJHOHaeX  B  ce6fl 
cyxonyxHbie,  MopcKHe  h  aBnapnoHHbie  cpencxBa  cbh3h. 

Cyxonyxribie  cpeacxBa,  b  cbokd  onepe^b,  oxBaxbmaiox  BcnoMCTBernibie  h 
KopnopaxHBHbie  cncxeMbi  nouBnxcHon  CBH3H,  cncxeMbi  nepcoHajibHoro  Bbi30Ba 
(neitxiKHHra).  cncxeMbi  cbh3h  juia  cejibCKHX  panonoB.  OxnejibHbin  cerMeHx  pbiHKa 
cocxaBJiaioT  cncxeMbi  onpejiejienna  MecTononoxceHna  aSoHeuxoB  n  cncxeMbi 
BKOJiornHecKoro,  npoMbninieHHoro  n  nayHHoro  MOunxopnHra. 

OSipee  hhcjio  nojib30Baxejien  cpe/icxB  cyxonyxHon  hohbhikhoh  cbh3h 
cocxaBJiaex  6ojiee  30  mjih.,  BKjnonaa  aSoneiixoB  coxobbix,  xpaHKHHroBbix  n 
ncnipKnuroBbix  cncxeM. 

CnenyioiH,HH  KpynHbin  cexxop  pbinxa  cocxaBJiaiox  cpencxBa  Mopcxon 
pan;H0CBH3H.  B  Hacxoamee  BpeMa  axox  ccxxop  pbiHKa  HacnnxbiBaex  6oaee  200  xbican 
cvhob  pa3Horo  Kiiacca,  ocHauieHHbix,  b  ochobhom,  cpe/icxBaMH  KB  pa,HH0CBH3H.  flojia 
cpencxB  cnyxHHKOBon  cBa3H  (cncxeMa  HxiMapcax)  cocxaBJiaex  okojio  6%.  /pin 
naccaacnpcKnx  MopcKnx  cynoB  BaxcHoe  3HaneHne  npnoSpexaex  bo3moxchocxb  peneBon 
xene(J)OHHOH  cbh3H  c  BbixoflOM  b  xeJie<|>OHHyio  cexb  o6m;ero  nojib30BaHna. 

KpoMe  xoro,  cymecxByex  6ojibiuoe  hhcjio  Majibix  njiaBcpeACXB  (pbi6ojioBeu;KHe 
cyna,  nporynoHHbie  axxbi  n  /ip.),  MHOrne  H3  Koxopbix  booSihc  ne  HMeiox  cpe/icxB 
CBa3n.  fljia  oOecneneHna  6e3onacHocxn  njiaBaHna  Ha  hhx  xpeSyexca  xaKon  bh^  ycjiyr, 
Kax  nepe/jann  3KcxpeHHbix  cooSmeHnn  n  naHHbix  o  MecxonojioxceHnn.  MnpoBon 
pbiHOK  Majibix  luiaBcpencxB  cocxaBJiaex  nopajiKa  20.000.000  cynoB. 

Phhok  aBnapnoHHbix  cpe^cxB  CBa3n  BKJitonaex  b  ce6a  cncxeMbi 
xexHOJiornnecKOH  cbx3h,  npH3BaHHbie  o6ecnerinxb  6e3onacHocxb  nojiexoB  n  cncxeMbi 
CBa3H  fljia  naccaxcnpoB.  Emkocxb  sxoro  pbinxa  b  CIITA  oneunBaexca  npnMepHO  b  200 
xbic.  enniinp. 

HanSojiee  npnopHxexubiM  pbiHKOM  njia  HH3Koop6Hxajibiibix  cncxeM, 
opneHxnpOBaiiHbix  npeHMymecxBemio  na  riepe/iany  nainibix,  aBJiaexca  oxpacnb 
rpy30Bbix  nepeB030K  (aBxoMoonjibUbix,  xcejresHO/iopoxaibix,  MopcKHx  n 
aBHaHHOIIHblx). 


O.  Fpa^ojiaxcKHH 


/JaHHaji  oxpacnb  6wcxpo  pa3BHBaexcs  h  ()jaKXHiiecKH  CHHxaexcs 
CTpai’eriiHecKOH,  b  Koxopon  MHoriie  cxpauM  b  SjiHxcaHiHHe  ro^ti  nontixaioxcfl  bbih  xh 
Ha  MHpOBOH  pbIHOK. 

KaK  noKa3aHO  b  HccJienoBaHHax,  npoBeneHHbix  EKA,  6ojibinHHCxBo  KOMnaHHH 
no  nepeB03Ke  rpy30B  cnHxaiox,  nxo  hx  noxpeOHoexH  b  ycjiyrax  cbh3h  6ynyx 
nocxoHHHO  B03pacxaxb,  h  hto  cymecxBytomne  cncxeMbi  cbb3H  He  ynoBJiexBOpaioT  hx 
xpeSoBaHHKM. 

IlapK  MC>KAyropo,xHbix  anxo5ycoB  xaxace  HBjiaexca  noxeHpnajibHbiM 
noxpeOnxcneM  Ha  pbiHKe  ycjiyr  cbjoh,  x.k.  nBH/fceHne  npenycMaxpnBaexcH  cxporo  no 
pacnHcaHHK),  a,  cjienoBaxejTbiio.  HeoOxonnMbi  ycnyra  no  onpenenenHio 
MecxonojioxceHHH  Ha  BceM  Mapmpyxe  cjienoBannsi  xpaHcnopxa. 

J\jm  nepeB03KH  rpy30B  no  xccjicshoh  nopore  b  ochobiiom  Hcriojib3yioxcx 
6ojibmerpy3Hbie  KOHxenHepbi  hjih  nncxepHbi.  Ox  cpencxB  cbhsii  xpeOyexca  c6op  h 
nepenana  no  cnyxHHKOBbiM  KaHajiaM  namibix  ox  naxnnKOB,  H3Mepaiomnx 
xeMnepaxypy,  nasueHEe,  ypoBeHb  hh^kocxh  b  nHcxepnax  h  npyrux  napaMexpoB. 

TpaHcnopxnpoBKa  mopckhm  h  penHHM  xpaHcnopxoM  onacHbix  rpy30B,  b 
nepByio  onepent  xhmhhcckhx  MaxepnajioB  h  HecjjxenponyKxoB,  Hecex  6ojibinyio 
onacHoexb.  Kaxacxpo(])bi  na  Mope  Moryx  npHBecxH  He  xojibko  k  HejioBenecKHM 
KcpxBaM,  ho  h  k  3arpa3HeHHK>  OKpy/KaiomeH  cpeflbi,  nxo  b  nxore  Moacex  npHHecxn 
Oonbume  ySbixKH.  KoHxpojib  cocxoanira  nepeB03HMbix  rpy30B  hhx  HMeex 

nepBoexeneHHoe  3HaneHne.  ,Z3,Ji5r  Majibix  nnaBcpencxB  (pbi6ojiOBeij,KHX  cynoB, 
nporyjronHMX  axx  h  np.)  TaroKe  xpeSvioxca:  ycjiyrn  no  oiipeneJieHHto  Mecxonojio>KeHHK 
h  o6ecneneHHK>  CBH3H  c  OeperoBbiMH  cjiyacOaMH. 


MnpoBaa  noxpeOnocxb  b  ycnyrax  onpenejieHHfl  MecxonojioxceHnx  c  noMombio 
HH3Koop6HxajibHbix  cHcxeM  npHBeneHa  b  xa6n.l . 

Ta6jiHu;al. 


HaHMeHOBaHHe 

Mapoeafl 
noxpe6nocTb,  hit. 

IIoTpeSiiocTb 
CUIA,  b  %. 

Hhcjio  LEO 

nojib30BaTeJieii 

bCHIA. 

rpy30BHKH 

1.800.000 

25 

450.000 

Tpenjiepbi 

3.900.000 

25 

975.000 

Mopcioie  cyna 

500.000 

10 

50.000 

Majibie  njiaBcpencxBa 

20.000.000 

5 

1.000.000 

rioHCK  yraaimbix 

aBXOMoGnjiett 

160.000.000 

5 

8.000.000 

4.  OKOJIOrHHeCKHH,  npOMbIHIJieHHblH  H  HayHHblH  MOHHXOpHHr. 

ripoSiieMbi  KOHxpoiiH  C0CX03HH5I  oKpy>Karc>men  cpenw,  COCXOBHHH  He(|)xe-  H 
ra3onpoBonoB,  c6opa  rnnpoMexco-  h  npyroft  naynnon  nin^opMannH  Han6oJiee 
O^X^eKXHBHO  pemaiOXCH  HMeHHO  C  nOMOmbK)  HH3KOOp6HXaJIbHbIX  CnyXHHKOBbIX 
CHcxeM  cbh3h.  TaKHe  oSteKXbi,  xax  Hec])xe-  n  ra3onpoBon&i,  oownno  Haxonaxca  Ha 
3HanHxejibHOM  ynaJieHHH  ox  KpynHbix  HaccjicHiitix  nymcxoB,  a,  cnenoBaxenbHO, 
oSecnenHXb  hx  KOHxponb  c  noMomwo  cymecTByiomHX  cpencxB  Ha3eMH0H  h 
cnyxHHKOBOH  CB33H  3axpynHHTejibHO. 


O.  rpa(J)onaxcKHH 


MnpOBaa  noxpeSHoexb  b  cncxeMax  aBxoMaxH3HpoBaHHoro  c6opa  jiaHHiax  ox 
HeoociryacHBaeMMX  .qaxHHicoB  h  npyrax  oSbcicxob  orpoMHa.  Tax,  noxemiHajibHaa 
noxpeGnocxb  b  yicasamiLix  xejieKOMMyHHKaiiHOHHbix  ycayrax  cocxaBJiaex: 

CncxeMa  3iieprocna6>KCHHa  -  200  mjih.  ^axHHKOB. 

CncxeMa  BO^Horo  xoaaHcxBa  -  80  mjih.  aaxnHKOB. 

HecjjxenpoBOjibi  -  2  mjih.  flarniiKOB. 

ra30np0B0/IBI  -  1  MJIH.  JiaXHHKOB. 

HaiiHOHaji&HbiH  pbiHOK  LEO  nojii>30BaxejieH  CIIIA  paBeH  10%  ox  mhpoboh 
noxpeSHOCXH,  x.e.  cocxaBJiaex  23,8  mjih. 

5.  CpencxBa,  pa6oxaiomHe  b  siccxpeMajibHbix  ycjiOBHax. 

B  cooxBexcxBHH  c  MeJKjiyHapojHiBiM  corjiameHneM  no  pememiio  npo6jieM 
Hpe3BbiHaHHbix  CHxyaiiHH  b  EBpone,  xoxopoe  norpiKcajiH  6ojh>hihhcxbo  eBponeftcKHX 
cxpaH,  b  xom  HHCJie  h  Pocchh,  ojihoh  H3  ochobhbix  HBjiaexca  3anana  saniHxxi  ox 
3KOJiorHnecKHx  KaxacxpotJ)  h  opraiiHiariHa  homohih  b  xex  cjiynaax,  Kor.ua  Kaxacxpoi}) 
H36eacaxb  He  ynaexca. 

IIpH  B03IIHKHOBeiIHH  CXHXHHIIblX  Se^CXBHH  H  Hpe3BbIHaHHbIX  CHXyaHHH 
(aeMJiexpacciiHH,  naBojnieHim,  3KO.)iorHHecKHx  hjih  npoMbiuuieHHbix  KaxacxpocJ)) 
HanOojiee  SbicxptiM  h  3(})(|)eKXHBHbiM  cnocoOoM  opraHH3aiiHH  cbh3h  c  paftoHOM 
ocHCXBua  HBjiflexca  Hcnojib3QBaHHe  cnyxHHKOBbix  xepMHHajioB.  MajioraGapnxHbie 
xepMHHajiti  Moryx  6bixb  6bicxpo  jiocxaBjieHBi  b  HyacHbift  paftoH  h  pa3BepHyxbi  b 
xeneHHe  hcckojilkhx  MHHyx.  Bo3mo/Khocxb  pa6oxw  c  jhoSbix  HanpaBJieHHH 
ropH30Hxa,  B&icoKaa  KOHcjiHfleHpHajibHocxb  nepe^anH  jiamiBix  flejiaiox  hx 
He3aMeHHMbiMH  b  paiioHax  cxhxhhhbix  Ocjicxbhh  h  Mecxax  koh^jihkxob. 

B  nponecce  ace  jiajibHeiiuiero  BoccxaHOBJieHHa  cbh3h  b  panoHe  Hpe3BwnaHHOH 
CHxyaiiHH  Moryx  pa3BopaHHBaibca  nepeB03HMbie  aeMHbie  cxaniiHH  h  npyrne  cpe^cxBa, 
no3BOjxaioHjHe  BoccxaHOBHXb  Bee  bhjibi  cb»3h,  b  xom  HHCJie  h  xejieBH/ieHHe.  K  axon  ace 
KaxeropHH  noji&30BaxejieH  cjiejiyex  oxHecxn  aBapHHHO-cnacaxejibHbie  h  noacapHbie 
cjiyxc6w. 

6.  CpencxBa  oOecneneHiia  6e3onacH0cxH. 

Maji  o  ra6  apHxiitie  xepMHHajiti  HH3Koop6HxajibHbix  cncxeM  oKaacyxca 
HocxaxoHHo  3(ji(jjeKXHBiiLi  npn  cjiexceHHH  3a  nepeMemeHHeM  Heimwx  rpy30B  hjih 
xpaHcnopxHwx  cpejicxB  npn  hx  yroHe.  B  cjiynae  BCKpbixHx  Konxeimepa  c  peinibiM 
rpy30M  aBXOMaxHnecKH  nocbmaexca  aBapHHiibiH  cHruaji  h  mmibie  o 
MecxoHaxoKueHHH  noHBiDKiioro  oSxeKxa.  3xh  naHHbie  no  KaHajiaM 
HH3Koop6Hxajn>HOH  CHCxeMbi  nocxynaiox  b  SiiHacaiiiiiyio  k  Mecxy  upoHcuiecxBHa 
cjiyxcOy  oxpaHbi  nopa/ixa.  C  hx  noMoiubio  Moxcex  6bixb  xaxxce  opraHH30BaHa  oxpaHa 
zianiiLix  ynacxKOB  h  npyrax  ynaJieiiHbix  oObcxxob. 

IIohck  yniauHtix  amoMoOiuieH  aBJiaexca  ohhoh  H3  npnopHxexHbix  o6jiacxen 
Hcnoat30BaHHa  HH3Koop6HxajibHbix  cncxeM.  K  nncjiy  noxeHHHajibHbix  noJib30BaxejieH 
xojibko  b  CIIIA  oxHocax  8  mjih.  aBxoMoSnjieH,  nxo  cocxaBJiaex  5%  ox  mhpoboh 
noxpeOHoexH  b  sxom  bhhc  ycayr. 


O.  FpaijjojiaxcKHH 


7.  A6ohchxbi  neftflacHHroBOH  cbh3h. 

Bojitniyio  nonynapHocxB  bo  bccm  Mnpe  nonynnnH  cncxeMBi  nepcoHaJiBHoro 
pa/lH0BBI30Ba.  OCHOBHOH  HeflOCXaTOK  3XHX  CHCXeM  -  OrpailHHCHHOCXB  30HBI  /jeHCXBHH. 
HH3Koop6axajiBHBie  cncxeM&i  no3Bonax  obecnennxB  pernoiianBriBin  nnn  rnobanbHBin 
nepcoHauBHbiH  bbbob  Ha  Been  xeppnxopnn  3cmjih  name  b  cnynae,  ecjiH 
MecxonojioxceHHe  non&30Baxena  HeH3BecxHO.  A6ohchxbi  Moryx  6bixb  3aKpenjieH&i  3a 
OXfleJIBHBIMH  perHOHaJIBHBIMH  CXaHPHHMH,  KaK  B  XpaflHIJHOHHBIX  cHcxeMax 
nefta^CHHroBOH  cbjbh.  JI,ji5i  a6oHeHXOB  nee,  panoH  iipeSbiBaHHa  KOXopBix  xomio 
HeH3BecxeH,  npenycMaxpnBaexca  bo3mo>khocxb  nybnnpoBaHna  cooOmeHnn  nepe3 
pa3HBie  pernoHajiBHBie  cxaHnnn. 

Cnexxp  npHMeHeHHB  ycnyr  nepcoHanBHoro  BBi30Ba  oneHB  iiinpoK.  Ohh 
HanSonee  npHBJieKaxejiBHbi  nnn  rnypHanncxoB,  6n3HecMeHOB,  o6mecxBeHHBix 
nenxenen,  nyxemecxBeHiiHKOB  h  Bcex  xex,  hbx  nenxenBHOCXB  cB»3aHa  c  pasBeanaMH. 

CymecxByiox  h  npyrne  o6jiac.xH  npnMeHeHnn  HH3Koop6HxajiBHBix  cncxeM, 
xarae  Kax  xeneMenHipma,  xeneobynenne  h  apyrne,  Koxopbie  He  bkihohchbi  b 
iipHBeaeHHBiH  RBTiTie  ncpcHCHB,  nocKOJibKy  He  0Ka3BiBaiox  3aMexHoro  bjihhhhb  Ha 
nOKa3axeJ!H  3KOHOMHHeCKOH  3<jxj)eKXHBHOCXH  CHCXeMBI  B  HeJIOM. 

Cnenyex  oxMexnxB,  nxo  b  Hei<oxopBix  H3  nepenncnemibix  obnacxeft 
cnyxHHKOBaa  cbh3b  yace  3aBoeBajia  nponiiBie  no3HHHH,  b  xo  BpeMH  KaK  b  npyrnx 
HaSmonaexcn  npopecc  6'Bicxporo  pacninpeHnn,  conpoBoacnaeMBin  pocxoM  nncna 
nojiB30BaxeJieH. 

TaKHM  o6pa30M,  oomaa  cmkocxb  pBiHKa  ycnyr  nnn  HKCC  nepenann  naHHBix 
cocxaBnnex  no  pa3HBiM  opcHKaM  ox  100  no  400  mjih.  nonB30Baxenen. 

B  Hacxonmee  BpeMn  Ha  pbiHKe  ycnyr  HKCC  npennonaraiox  paSoxaxB 
nocxaxoHHO  SonbHioe  nncno  ManBix,  Gohbiuhx  h  CBepxdonBHinx  cncxeM.  H3  ManBix 
HKCC  3X0  Orbcomm,  Starsys,  Faisat,  Leosat,  LeoOne,  Gemnet,  E-Sat  h  t.r. 

H3  OonbuiHx  HKCC  axo  HpnnnyM,  Tnobancxap,  Onnccen,  ISO,  Onnnncar. 

CHexeMBi  Teledesic,  Skibridge  h  Celesti  ripennonaraiox  paboxaxB,  b  ochobhom, 
na  pBiHKe  MOKKOMnBtoxepHBix  KOMMy HHKaitHH .  06mee  KonnnecxBO  nepcoHanBHBix 
KOMnBioxepOB  b  MHpe  125  mjih.  (b  1995  r.)  c  enceroHHBiM  pocioM  b  20 /o  BBnaeica 
HeHcnepnaeMBiM  pbihkom  ana  sxhx  cncxeM. 

OcxaHOBHMca  BHanane  Ha  saxBneHHOM  HHcne  non&30BaxeneH  MajiBix  HKCC. 

CncxeMa  Orbcomm  3aaBnna  o  noxeHHHanBHOM  nncne  nonB30Baxenen  b  5  MnH. 
adoHeuxoB  b  2001  r.  H3  hhx  nanbonBinee  nncno  (no  4,5  Mm-i.)  npHxonnxcn  Ha 
nepenany  aBapnitabix  coobmeHnn,  c6op  naHHBix  (265  x&xc.)  h  x.n* 

CncxeMa  Starsys  npennonaraex  upHBnenb  k  2001  r.  J\o  7  mbh.  nonB30Baxenen. 

CncxeMa  Faisat  paccnnxBiBaex  npnBnenb  no  2  MnH.  non&30Baxenen.  no 
HecKonBKO  MnnnnoHOB  nonnsoBaxenen  paccHHx&raann  npnBnenb  cncxeMBi  Leo  One 
Usa  n  Gemnet. 

EonBHine  HKCC,  KaK  yme  oxMenanocB,  KpoMe  ycnyr  pannoxene^oHHon  cb»3h 
npennonaraiox  npenocxaBJinxB  ycnyrn  n  no  nepenane  naHHBix. 

Tax  b  HpnnnyMe  H3  obmero  npennonaraeMoro  nncna  nonB30Baxenen  b  3,4 
MnH.  30%  6ynyx  nonb30BaxBcn  ycnyraMH  nepenann  nariHBix. 

B  cncxeMe  TnoSancxap  no  64%  nonB30Baxenen  (n3  3  mjih.)  SynyT  non&30BaxBcn 
ycnyraMH  nepenann  naHHBix. 
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Mo>kho  npennojioacHXB,  hxo  6nH3Koe  cooTHoniemie  (okojio  40%)  H3  oSmero 
HHCJia  aSoHeHTOB  ocxan&Hbix  oojXbhthx  HKCC  6yn;yx  nojiB30Baxbca  ycnyraMH 
nepe^aHH  jjanHBix.  I  bkhm  o6pa30M,  o6mee  hhcjio  a6oiieriTOB  co3^aBaeMBix  HKCC 
COCTaBHT  22  MJIH.,  HXO  COCTaBHT  20%  OT  nOXeHIJHaJIbHOH  eMKOCTH  pHIIKa. 

ripn  opemcc  noxeHHHaJiBHoro  p&mica  j\ji%  HKCC  «FoHep»  mbi  He  yHHXBmaeM 
KOHKypeilHHIO  CO  CTOpOHBI  reOCTaiJHOHapHBIX  CHCTeM. 

B  nacxoamee  BpeMa  H3  reocxaiiHOHapHBix  chcicm  ycnyra  nepenaHH  naunBix 
npe^cTaBJiaiOT  chctcmbi  OMHHxpax,  HHMapcax  h  EBxanxpaK.  CyMMapHoe  kojihhccxbo 
aSoHeHxoB  axnx  chcxcm  He  npesocxoflux  hcckojibkhx  cox  xbichh.  flaace  c  BBe,aeHHeM 
hobbix  reocxapHOHapHBix  chcxcm  noxeHHuajiBHBiH  pbihok  ocxaexca  orpoMHBiM. 

Bee  BBime  cKa3aHHoe  no3BOJiaex  yxBepxcflaxb,  hxo  3aaBJieHHBift  noxeHHnanBHBiH 
oOxeM  pBiHKa  HKCC  «roHeu;»  Moxcex  6bixb  peaJiH3yeM  /ia>Ke  b  ycjiOBHax  ztocxaxoHiio 
KeCXKOH  KOHKypeHHHH. 

CpaBHHxejiBHBie  xapaxxepHcxHKH  HKCC  npHBe/jeriBi  b  xa6ji.2. 

KocMHHecKHft  KOMiiJieKC  HKCC  “r OHeil” 

B  Pocchh,  Kax  h  b  npyrax  KocMHaecKHX  nepxcaBax,  b  nocjie/HiHe  ro^bi 
oxHexjiHBO  npocMaxpHBaexca  xeH^eiiu,Ha  pacniMpeima  HcnojiB30Bairaa  MajiBix 
KocMnnecKHX  annapaxoB  (MKA),  Maccofi  He  npcBBimaioiHHX  HecxojiBKHx  coxch 
KHJioxpaMMOB.  YKa3aHHaa  xch/j;ciihhh  oOycjioBJicna  paaoM  sxoHOMHHecKHX  h 
xexiiojiorHHecKHx  (j)aKxopoB,  a  xaioxe  xpeOoBaHHaMH  KOHKpexHoro  nejieBoro 
HCnoaB30BaHHa  Cpe^CXB  KOCMHHeCKOH  XeXHHKH. 

Pa3BHXHK)  Majibix  pa3MepoB  b  KOCMHHecKOM  annapaxocxpoeHHH  cnocoOcxByrox 
nOCJieaHHC  flOCXHMCeHHa  B  MHHHaXK)pH3aHHH  3JieKXp0HH0-BBIHHCJIHXeJIBH0H  XeXHHKH,  B 
oOjiacxH  C03HaHHa  jierKHx  h  npoHHBix  KOHCxpyKpHOHHBix  MaxepnajioB,  bo3Mo>khocxh 
HcnoaB30BaHHa  zuia  3anycKa  MKA  CHHMaeMBix  c  SoeBoro  flexcypcxBa 
MexcKOHXHHeHxajiBHBix  SajuiHcxHHecKHx  paxex  h  flopaSoxKa  hx  ana  KOHBepcHOHHoro 
npHMeneHHa.  Ha  6a3e  H^eii  MKA  npe^nonaraexca  co3flanHe  ocHOBHoro  3BeHa  HKCC 
‘T OHeu”  -  KocMHnecKoro  KOMruiexca. 

B  cocxaB  ko cMHHecKoro  KOMnJieicca  ‘ToHeu;”  bxohhx  caenyioiiiHe  cocxaBHBie 

Hacxn: 

•  paicexHo-KOCMHHecKHH  KOMnaeKC  (PKK),  ooecneHHBafoniHH  rpynnoBoe 
BBiBe,n;eHHe  KA  Ha  op6nxy; 

•  opSHxajibHaa  rpynnHpoBKa  KA  (Or  KA); 

•  aBxoMaxH3HpoBaHHaa  cncxeMa  yripaBireinia  opSHxajiBHOH  rpynriHpoBKoft  KA 
(ACY  Or  KA). 

AHajiH3  ajibxepnaxHBHBix  npoeKXHBix  peinemiH,  npoBc^eimbiH 
pa3pa6oxHHKaMH,  noKa3an,  hxo  ana  cox/iaima  icomcypeuxocnocoSiioro  oxcHccxBeHHoro 
HH3KOOp6HXaJIBHOrO  KA  CB33H  HCOSXOUHMO  nepeCMOXpeXB  XpaflHHHOHHBie 
oxenecxBeHHBie  noaxonBi  k  coanairHio  HH3Koop6HxartbHBix  kocmhhcckhx  annapaxoB 
CB33H,  peajiH30BaHHBix,  nanpHMep,  na  KOHBepcHOHHbix  KA  xana  “FoHen-fll”.  Kax 
dieflcxBHe,  npexepnejia  KapHHHajiBH&ie  H3MeHeHHa  He  xojibko  KOHcxpyxxHBHo- 
KOMnoHOBOHHaa  cxeMa  cnyxHHxa.  Caenyex  oxMexnxb  HcnojiB30BaHHe  b  cocxaBe  KA 
«roHen»  SopxoBoro  HHtJjpoBoro  BBiHHCJiHxeJiBHoro  KOMnaexca,  npeHH3HOHHOH 
CHexeMBi  opHeuxaHHH  h  cxa6HJiH3aHHH  KA  (BBeaeHBi  oirranecKHe,  nHepHHajiBHBie  h 
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HcnojiHHTejifcH&ie  npHGopBi,  npHMeneiiBi  opHeHTHpyeMBie  nanejiH  BC),  chctcmbt 
HaBHrauHH  h  ynpaBJieHHH  nBHaceHHeM  (ajih  pememiH  3ananH  tohhoto  onpenejieHHH 
MecTonono^ceHHa),  CHCTeMBi  KoppeKpHH  (,ii;jib  no/mepxcaHHH  GaruiHCTHnecKOH 
CTpyKTypbl  Op6HTaJIBHOH  rpynnHpOBKH),  BBICOKOnpOH3BOnHTeJIBHOH  CHCTeMBi 
TepMoperyjiHpoBaHna  (b  cbh3h  c  yiKecTonetiHCM  TpeGoBaiiHH  co  ctopohbi  6opTOB&ix 
CHCTeM),  BBICOKO  3  (|)  (jj  eKTHBHO  H  CHCTeMBi  3JieKTpOIIHTaiIHH  (B  CBH3H  C  pOCTOM 
3HeproBOopyxceHHocTH  cnyTHHKa  h  yBeJiHneHHeM  pecypcoB,  BBmejweMBix  Ha  BPTK). 

BopTOBOH  pa/ptoTexHHHecKHH  KOMiuieKC  KA  «roHen,»  oSecrieHHBaeT: 

•  nepepeTpaHCJiaHHio  iimJtpoBOH  HH<J)opManHH  Mexcny  aGoHeimMH  chctcmbi  b 
TOM  HHCJie  H  C  npOMOKyTOHHBIM  xpaHeHHeM  ee  B  GopTOBOM  3aiIOMHHaiOIHeM 
ycTpoHCTBe,  BKJiioHaa  opraHnsanmo  nocryna  k  pecypcaM  KA  h  opraHH3anHio  nocraBKH 
HH^opMapHH; 

•  ynpaBJieHHe  iieneBbiMH  h  oGecnenHBaioinHMH  cncTeMaMH  KA  coBMecTHO  c 
Ha3eMHBIMH  Cpe^CTBaMH  aBTOMaTH3HpOBaHHOH  CHCTeMBi  ynpaBJieHHH,  BKJHOHaa 

4)opMHpoBaHHe  h  nepenany  TeneMeTpHnecKofi  h  HHanrocTHHecKOH  HH(|)opManHn  o 
coctohhhh  BPTK  h  chctcm  KA,  a  Taicxce  cnrHaiioB  paaHOKOHTpojiH  opGhtbi. 

B  cocTaB  BPTK  KA  ‘ToHeif  bxouht: 

•  peTpaHCJWTopBi  flnana30Ha  0,2-0, 4  TTp  (xaHajibi  chctcmbi  ‘ToHeH-^1”  h 

CKopocTHBie  KaHajiBi); 

•  aHTeHHO-^HflepHBie  ycTpoacTBa. 

/JOCTOHHCTBOM  HCnOJIB3yeMOH  B  BPTK  KA  «TOHeiI»  KOMMyTailHH  COo6meHHH 
HBJIHeTCH  aBTOHOMHOCTb  (|>yHKH;HOHHpOBaHHH,  HTO  OHeHB  BaJKHO  HJIfl  perHOHOB,  rne  no 
KaKHM-nnOo  npHHHHaM  HeB03M0»cH0  pa3Mein,eHHe  perHOHajiBHBix  CTannHH,  HanpHMep, 
b  aKBaTopHH  MnpoBoro  oxeaHa. 

BopTOBOH  KOMnjiexc  ynpaBJieHHH  h  cncTeMa  ynpaBJieHHH  KA  «ToHen»  b  neJiOM 
nocTpoeHBi  no  MarHCTpaiiBHO-MonyjiBHOMy  npHHnnny  c  neHTpanH30BaHH&iM 
ynpaBJieHHeM.  B  xanecTBe  BHyTpeHHeft  MarHCTpann  ncnonB3yeTca  napajuiejiBHBiH 
jiOKajiBHBift  HiiTepcjieHC,  y>xe  peajiH30BaHHBiH  Ha  pane  KA,  pa3pa6aTBiBaeMBix  b  HFIO 
IIM.  B  xanecTBe  BHeniHHX  nncjjpoBBix  HHTepijjeHCOB  GopTOBoro  KOMiuieKca 
ynpaBJieima  HcnonB3yioTca  My jiBTHnjiexcHBiH  xaHaji  oGMena  h  nocjienoBaTejiBHbiH 
HHTep^enc  RS-232C,  cooTBeTCTByiomHe  OTenecTBeHHBiM  h  Mexcny  Hap  o/ihbim 
CTaH^apTaM,  hto  no3BOJineT  HcnojiB30BaTB  niHpoxHH  accopTHMeHT  OTenecTBeHHBix  h 
3apy6eacHBix  npnOopoB  h  ycTponcTB  b  cocTaBe  cnyxceGHBix  h  neJieBBix  chctcm  KA. 
IIpe,zyio>KeHHBiH  npHHHHn  nocTpoeunn  GopTOBoro  KOMimexca  ynpaBJieHHH  KA 
«roHen»  no3BOjmeT  thGxo  H3MeHHTB  xoHiJmrypanHio  CHCTeMBi  ynpaBJieHHH. 

BopTOBOH  HH^pOBOH  BBIHHCJIHTeJIBHBIH  KOMnJieKC  nOCTpOCH  Ha  OCHOBe  2-x 
GopTOBBIX  HHcjjpOBBIX  B&IHHCJIHTejIBHBIX  MaiHHH,  oSBe^HHeilHBIX  B  XOMnJieXC  no 
npHHHHny  annapaTHO-nporpaMMHoro  ynpaBJieHHH  pe3epBaMH.  BopTOBBie  HH<|>poBBie 
BBiHHCJiHTejiBHBie  MauiHHH  paGoTaroT  non  ynpaBJieHHeM  ycipoHCTBa  nonnepxcxH 
OTKa3oycTOHHHBOCTH  h  aBapHHHoro  Gjioxa  ynpaBJieHHH  GopTOBOro  KOMnjieKca 
ynpaBJieHHH. 

CncTeMa  opneHTanHH  h  CTaGHjiH3anHH  nocTpoeHa  Ha  6a3e  nyBCTBHTenBHBix 
3JieMeHTOB  -  npnGopa  opneHTanHH  Ha  Cojrane,  npnGopa  opneHTanHH  Ha  3eMJiio, 
H3MepHTenH  yrjioBBix  cxopocTen,  MarHHTOMeTpa  h  HcnoJiHHTejiBHBix  opraHOB  - 
BJieKTpOMarHHTHBIX  HcnoJiHHTejiBHBix  OpraHOB,  npHBOJIOB  GaTapeH  COJIHeHHBIX, 
SJieKTpOMarHHTHBIX  yCTpOHCTB.  K  OCoGeHHOCTHM  nOCTpoeHHH  CHCTeMBi  opneHTanHH  H 
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CTa6HJiH3au;HH  cxre/iyeT  othccth  bosmohchoctb  oOecneneHHa  bhcokoh  tohhocth 
yrjioBOH  opHeHxanHH  KA  b  npocTpaHCTBe  c  pa3JiHHHMMH  BapnaHTaMH  npnOopoB, 
Hcnojib30BaHHe  flByx  npHBonoB  naHenen  OaTapeft  cojiHenHbix,  pacnojioaceHHbix  b 
paftoHe  peHipa  Macc  cnyTHHKa. 

CncTeMa  naBnrapHH  h  ynpaBnenna  ^BHyiceriHCM  nocipoeHa  Ha  6a3e  SopTOBOH 
HaBHraHHOHHOH  annapaiypti,  oSecneHHBaiomeH  npneM  panHOCHraanoB  chctcmbi 
GPS/«rjioHacc».  IlpH  3tom  oSecne^HBaeTCK  tohhoctb  onpenejieHHa  nojioxceHHH  KA 
Ha  HKO  He  xyxce  70  MeTpoB.  IIpennojiaraeTCH  Hcriojib30BaHHe  6optoboh 
HaBHraHHOHHOH  annapaTypbi  b  HHTepecax  COC  hjih  onpenejieHHH  yrnoBoro 
noJioaceHHH  cnyTHHKa. 

CncTeMa  KoppeKHHH  nocTpoena  Ha  6a3e  ABHraTena  KoppeKHHH,  no3BOJiaiomero 
KoppeKTHpoBaTb  apryMeHT  uinpoTbi  KA  ‘ToHen”  c  TOHHOCTbio  ±  0,2°. 

CncxeMa  3JieKxponHTaHHa  nocTpoeHa  Ha  6a3e  opHeHTHpyeMbix  OaTapen 
cojiHeHHbix  Ha  KpeMHHeBbix  (^OTonpeoSpasoBaTCJieH,  HHKejib-BonoponHOH 
aKKyMyjixTOpHOH  Oaiapen  h  OjioKa  aBTOMaTHKa. 

CncTeMa  TepMoperyjiHpoBamia  KA  «roHeu»  co3naeTca  Ha  6a3e  naccHBHbix 
cpencTB  TepMoperyjiHpoBairaa  c  Hcnojib30BaHHeM  3KpaHHO-BaKyyMHOH 
Ten  jioh3  ojwhhh  ,  KOHHyKTHBHoro  xenjiooxBOHa  no  3JieMemaM  KOHCTpyKHHH, 
BbipaBHHBaHHH  c  noMOipbio  xenjiOBbix  Tpy6  noaeM  xeMnepaxyp  Ha  panHanHOHHbix 
noBepXHOCTax,  npHMeHeHHa  KOMneHcanHOHHoro  h  ynpaBjiaeMoro  3jieKTpoo6orpeBa. 

OOihhh  bhh  KA  ‘ToHen”  npeflCTaBJieH  Ha  pnc.  1. 

KA  ‘ToHen”  HMeeT  cjienyioiHHe  ocHOBHbie  TexHHnecKHe  xapaKTepncTHKH : 

-  pecypc  7  jieT  npn  pacneTHoit  BepoaTHOCTH  6e30TKa3H0H  paooTBi  3a  CAC  - 

0,771; 

-  Macca  He  6ojiee  250  kt; 

-  TOHHoeTb  yrjioBOH  opneiiTaHKH  - 15  yra.  MHHyT; 

-  tohhoctb  onpeneireHHH  MecTonojioaceHHa  KA  Ha  opOHTe  -  He  6onee  70  m; 

-  o6maa  cpenHeBHTKOBaa  aHeproBoopyxceHHOCTb  KA  He  MeHee  0,25  kBt,  npn 
stom  nHKOBaa  n o  0,5  kBt 

-  B03MoacHOCTb  KoppeKTHpoBaTb  apryMeHT  ninpoTbi  KA  ‘ToHen”  c  TOHHOCTbio 
±  0,2°,  no3BOJiaiOEaeH  oOecnenmb  BbicoKyio  CTaOHJibHOCTb  SajuiHCTHnecKOH 
CTpyKiypbi  opoHxajibHOH  rpynnHpoBKH; 

-  aBTOHOMHOCTb  KA  h  npocTOTa  b  ynpaBJieHHH. 

Erne  ohhoh  cocTaBHofi  nacTbio  KOCMHnecKoro  KOMnaeKca  ‘ToHen”  aBjiaeTca 
opOnTajibHaa  rpynnnpoBKa.  AnajiH3  bo3mo3Khhx  BapnaHTOB  nocTpoeHHa  op6HTajibHOH 
rpynnHpoBKH  KK  ‘ToHen”  noKa3aji,  hto  HaHJiynniHe  xapaKTepncTHKH  o6cjiya<HBaHHa 
a6oHeHTCKHx  TepMHHajiOB  HOCTHratoxea  npn  OajumcTHHecKOH  cTpyKType  op6HTajibHOH 
rpynnHpoBKH,  HMeiomen  KpyroByio  opOmy  bbicotoh  «1500  km  h  HaKJioneHHeM  »82°. 

npennonaraeTca  no3Tannoe  pa3BepTbiBaHHg  opOnrajibiiOH  rpynnHpoBKH. 
OSihhh  bhh  SajuiHCTHHecKOH  CTpyKTypbi  opOHTajibHOH  rpynnHpoBKH  nepBoro  3Tana 
npHBenen  Ha  pncyriKe  2,  BToporo  3Tana  -  Ha  pncyHKe  3. 

OpOnTajibHaa  rpynnHpoBKa  nepBoro  3Tana  coctoht  H3  12  KA,  pa3MenieHHbix  b 
Tpex  nnocKocTax  no  4  KA  b  KaacnoH  (cncTeMa  3x4).  BTOpaa  naocKocTb  OTHocHxenbHO 
nepBOH  h  xpeTba  oraocHTejibHo  nepBOH  pa3HeceHbi  no  nojrroxe  Bocxonamero  y3aa  Ha 
66°.  Oa3HpOBaHHe  KA  ohhoh  opOmajibiioH  naocKocTH  -  paBHOMepHoe.  <Da3HpoBaHHe 
KA  b  coceHHHX  opSHTajibHbix  nnocKocTax  nepe3  45°.  OpOnTajibHaa  rpynnnpOBKa 
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nepBoro  aiana  jiBJiaexca  (fjparMeirroM  opSuTajibrioK  rpynnnpoBKH  BToporo  axana  h 
o6ecnetraBaeT  BpeMS  osKH/jaiiHa  Ha  xeppnxopHH  PO  He  6onee  10  mhh.,  a  BpeMa 
nepeHoca  HH<f>opManHH  c  nepepexpaiicnaHHeH  nepc3  Ha3eMHyio  cTaHHHio  ho  1  naca. 

OpOHTajibHaa  rpynnHpoBKa  BToporo  3xana  coctoht  H3  48  KA,  pa3Memeinibix  b 
mecTH  njiocKocTHX  no  8  KA  b  Kaxcnoft  (cncTeMa  6x8).  OpSnxajibHbie  njiocKOCTH 
(xpoMe  nepBon  h  mecxoft)  cMemeHbi  no  HOJiroxe  BoexonHmero  y3Jia  othochtcjibho 
cocenHeii  Ha  33°.  0a3HpoBaHHe  KA  b  cocenHHX  opSHxajibHbix  nnocKoexax  (xpoMC 
nepBOH  h  mecTon)  nepes  22,5°.  CncxeMa  BToporo  axana  oGecnenHBaex  BpeMH  nepeHoca 
c  nepepeTpaHCJiHUHen  Hep  63  Ha3eMHyio  ct3hhhk)  -  ho  40  MHHyT. 

nojiyneHHaH  MaccoBaa  pa3MepHocxb  KA  'ToHen”  (He  6ojiee  250  xr) 
onpenejiaex  nocxaxonHO  HiHpoKyio  HOMeHKJiaTypy  cpencTB  BbraeneHHa,  no3BOJiaioHiHX 
oOecnenHTt  rpynnoBoe  h  onHHOHHoe  BbiBeneHHe  KA  “I  oHeii,”  Ha  nejieByjo  op6nxy. 
KPH  «Kocmoc»,  KPH  «Pokot»,  KPH  «Pmcma»,  KPH  «IHxhjib»,  KPH  «HeBa»,  KPH 
«CTapT».  TeM  caMtiM,  npHHHHnHajiLHaa  bo3mo>kiioctb  (jiopMHpoBaHHa  opSHxanbHOH 
rpynnHpoBKH  KK  « T onen»  He  BtisLiBaeT  comhchhh  naxce  c  ynexoM  Toro,  hto 
paccMaTpHBajiHCb  cpencTBa  BbiBeneHHx  xojtbko  OTenecTBCHHoro  H3roTOBJieHHa. 
Onnaico,  hcxohh  H3  MHHHMH3anHH  3axpax  Ha  BbiBeneHHe  h  npeHCxapxoByio 
nonroTOBKy  k  3anycKy,  a  xaxHce  c  ynexoM  peajibHoro  cocxohhhh  toxobhocxh  cpencxB 
BHBeneHHH  k  hx  Hcnojib30BaHHio,  b  KanecxBe  ocHOBHoro  BapnaHxa  cpencxB  BbiBeneHHa 
BbiSpaH  KPH  “Pokox”. 

PaKexa-HOCHxejib  nercoro  KJiacca  “Pokox”  paapaSaxbiBaexca  mHU,  hm. 
XpyHHneBa  Ha  6a3e  KOHBepcHOHHOH  HByxcxyneHHaxoH  MBP  PC- 18  (no 

MexcnyHapoHHOH  KJiaccHtjiHKanHH  -  SS-19). 

TaKHM  o6pa30M,  pa3pa6oxaHHbie  kocmhhcckhh  KOMnjieKc  «FoHen»  HMeex 

cnenyioiiiHe  ocHOBHbie  xapaKxepHcxHKH. 

BajuiHCXHnecKoe  nocxpoeHHe  op6HxanbHOH  rpynnHpoBKH  KK  ‘ToHen”  HMeex 
cjienyiomHe  ocHOBHbie  xapaxxepHcxHKH: 

•  xnn 

•  Bbicoxa,  KM 

•  HaKHOHeHHe,  rpan 

•  KOJIHHeCXBO  HJIOCKOCXeH 

-  Ha  nepBOM  axane 

-  Ha  BxopoM  axane 

•  KOJIHHeCXBO  KA  B  OHHOH  njIOCKOCXH 

-  Ha  nepBOM  axarie 

-  Ha  BxopoM  axane 

Pa3BepxbiBaHne  op6HxaiibHOH  rpynnHpoBKH  ocymecxBJiaexca  PH  “Pokox”  no 
nexbipe  KA  ‘ToHen”  b  icaxcnoM  3anycKe. 
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O.  rpa^onaxcKHH 


Phc.3.  Crpyiaypa  opSHTaatHon  rpynnnpoBKH  KK  “foHep”  BToporo  axana 


(6*8) 


O.  rpatjjopaTCKHH 


CpaBHHTejibHbie  xapaicrepHCTHKH  HKCC 


O.  Fpa^oaaTCKHH 
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TpancnopTMpyeMbie  cTapToewe  KOMiuieKCbi 
ana  3anyc*a  Majibix  cnyraHKOB 

A.cD.Ytkhh 

KoHCTpyKTopcKoe  6iopo  cnepHajibHoro  MaiHHHOCTpoeHHn 
194100,  r.CaHKT-neiepOypr,  JlecHon  npoe3#,  64 
Teji.:  4>aKc: 

B  CBM3H  c  noTepen  Rim  Poccnn  bo3M02CHOCTH  ocymecTBJieHHa 
HHTeHC  HBHbix  3anycKOB  HerauioTHpyeMbix  KA  pa3jiHHHoro 
Ha3HaqeHHH  c  KOCMOflpoMa  “BaftKOHyp”  nepe#  CTpanoft  B03HHKJia 
HeoOxCUfflMOCTb  C03/IcLHH5I  KOCMOflpOMOB. 

PlMeioipHecB  b  HacTOHipee  BpeMB  Ha  TeppHTopHH  Pocchhckoh 
Oe^epaipffl  kocmoapomh  “TljiecenK”  h  “CboSo^hbih”  co3#aiOT 
HeKOTOpbie  orpaHKneroia.  Pacnojioxceiffle  KocMOTpoMa  “HjieceHK”  b 
ceBepHbix  niHpoTax  ^ejiaeT  npaicranecKH  HeB03MoxcHbiM  3anycK  c  ero 
TeppHTopHH  KA  c  noMombio  paKer-HocHTejieH  (PH)  nerKoro  KJiacca. 
KoCMOTpOM  “CBoOoAHblH”  pacnOJIOXCeH  3  H  axIMTejlbHO  KJXCHee 
KOCMO^pOMa  “rijieceHK”,  ho  cKaabiBaeTca  ero  yuajieHHocTb  ot 
npoMbinmeHHbix  pempoB  h  cBB3aHHoe  c  sthm  yBejiMaenne 
3KC  njiy aTaiiHOT  rribix  pacxoaoB. 

B  HacToaipee  BpeMH  KB  cneu;najibHoro  m  am  h  h  o  exp  o  chh  a 

COBMeCTHO  C  TOJIOBHblMH  npe,mipHaTHaMH-pa3pa60THHKaMH  H3BCJIHH 
paKeTHO-KOCMH^eCKOH  TeXHHKH  Be^VTCfl  npOpaOoTKM  no  C03^,aHHK> 
TpaHcnopTnpyeMbix  cTapTOBbix  KOMIUieKCOB  ana  PH,  b  tom  hhcjic 
paxeT,  CHHMaeMbix  c  SoeBoro  aeacypcTBa. 

npopaSoTKH  Beayrca  no  AByM  HanpaBjieHHaM: 

-  co3AaHne  CTapTOBbix  KOMruiexcoB  aceaeaHoaopoacHoro 
6a3HpoBaHnn; 

-  C03flaHHe  CTapTOBbix  KOMIUieKCOB  MOpCKOTO  6a3HpOBaHHH. 

Co3flamie  CTapTOBbix  komiuickcob  a<eac3iioaopo/KHoro  OainpoBainni 

n  p  e/i  n  ojiaraeTca  bccth  c  Hcnojib30BaHHeM  HaynHo-TexHHHecKoro 
3a^ejia  h  Koonepannii  npeflnpHHTHH-coHcnoaHHTejieH,  npHHMM aBiiinx 
paHee  yaacTHe  b  co3#aHHH  cnepHajibHbix  ^KejreBHO^opoxxHbix 
arperaTOB. 

Hcn0JIb30BaHHe  CTapTOBbix  KOMIUieKCOB  )Kejie3  HOflO  p  03KH0  ro 
6a3HpoBaHH5i  oSecnenuBaeT  B03M02CH0CTb: 


A.Ytkhh 


-  aocTaBKH  Ha  MecTO  cxapTa  cocTbiKOBaHHbix  h  npoBepeHHWx  Ha  CTeHAax 

3aBo^oB-H3roTOBHTejieH  PH  h  KA; 

-  cowanm  npe/jnocbuiOK  HCKjnoaeHHfl  floporocToamero  arana  nojfflroH- 
hoh  npoBepKH  PH  c  KA  nepe,a  3anycKOM; 

-  HCKJHOHeHHfl  Heo6xOAHMOCTH  CTpOHTejIbCTBa  COOpyaceHHH  TeXHHHeCKO- 

ro  KOMiuieicca  PH  h  KA. 

B  cocTaa  aceji€s3Ho^opoacHoro  crapTOBoro  KOMiuiexca  bxoa»t: 

-  nycKOBaa  ycxaHOBKa; 

-  KOMaHMHHH  inyHKT; 

-  StiTOBaa  30Ha. 

nycKOBaa  ycraHOBKa  (pHcyHOK  1)  coctoht  H3: 

-  ocHOBHoro  arperara,  b  kotopom  pa3MemaioTca:  xpaHcnoprao-nycKOBOH 
KOHreHHep  (TIIK)  c  PH,  npiiBOA  OTKpbraaHHa  KpbiuiH,  npHBOfl  no^beMa  THK, 
npHBo^  BWBemHBaHHH  Barona  h  ero  ropH3omnpOBaHiis,  TexHOJionraecKne  h 
xexHHqecKHe  chctcmh,  oGecne^HBaiomHe  Heo6xoAHMbie  ycJioBHa  xpaHeHHa 
PH  c  KA  b  nepHoa  xpaHeHHa,  nepeB03KH  k  MecTy  ciapTa  h  b  nepnofl  noaroroB- 
kh  PH  k  nycxy; 

-  BcnoMoraTejibHoro  arperaTa,  b  kotopom  pa3MemaiOTca  chctcmw  3JieK- 
TpocHa6aceHHa,  oSeeneneHna  TeMnepaiypHO-BjiaacHocTHoro  peaanMa,  tcxhojio- 
rtmecKoe  oSopyAOBaHne,  ofiecneHHBaiomee  pa6oTy  ycTpoftcTB  ocHOBHoro  ar¬ 
peraTa; 

-  nyHKra  ynpaBjieHna  nycKOBOH  ycTaHOBKH,  b  kotopom  pa3MemaiOTCH 
annapaTypa  chctcm  ynpaBjieHHH,  HaBHraimH,  3JieKTpocHa6aceHHH,  TejieMeTpHH. 

KoMarwHbiH  ltyHKT  BKjnonaeT  b  ce6a  BaroHbi  ynpaBJiCHHa  h  cbh3h  c  uen- 
TpOM  ynpaBjieHHa  nojieTaMH  h  c  H3MepHTejibHbiMn  nymcraMH,  BaroH- 
3JieKTpOCTaHUHIO . 

BbiTOBaa  30Ha  BKjnonaeT  b  ce6a  BaroHbi  jum  pa3MeweHHH  oBcjiyacHBaio- 
mero  nepcoHajia,  BaroH-cTOjiOByio,  BaroH  aBTOHOMHoro  3anaca. 


Bee  arperaTbi  coaflaioxca  Ha  6a3e  HejibHOMeTajxjnwecKHX  BaroHOB  pe<i>- 
pHTKepaxopHoro  rana  c  ajihhoh  Ky30Ba  23,6  m.  B  3aBHCHM0CTH  ot  atihhh  PH 
BaroH  ocHOBHoro  arperaTa  moxcct  6biTb  6ojibiiieii  mhhh. 

BaroHbi  cBxaanbi  Meatfly  co6oh  MeatarperambiMH  Ka6ejibHbiMH  cbbshmh, 
a  ochobhoh  h  scnoMoraTejibHbiH  arperaTbi,  KpoMe  xoro,  rHflponepexoflaMH. 

B  npopecce  TpancnopTHpOBKH  PH  k  MecTy  CTapra  b  ochobhom  arperaTe 

aBTOMaTtwecKH  noonepxcHBaioTCH  TeMnepaTypHO-BJiaacHOCTHbift  peaoiM  h  hhc- 
TOTa  B03Ayxa. 

Ilo  npH6biTHH  Ha  MecTo  cxapTa  acejie3HOflopo)KHbiH  cocxaB  pac(])opMHpo- 
BbiBaeTca. 

IlycKOBaa  ycraHOBKa  pa3Memaexca  Ha  MecTe  CTapra.  OcTajibHbie  arpeia- 

th  OTBOflXTca  Ha  6e3onacHoe  paCCTOHHHe. 

npoBOAJrrcfl  3JieKTpoHCin»iTaHHa  PH  h  KA  c  3anHCbio  Ha  TejieMexpHK). 

OcymecTBJiflexca  nycx  PH. 

nocjie  nycKa  PH  nycKOBaa  ycxaHOBKa  npHBOflHXca  b  xpaHcnopTHoe  no- 
jioxceHHe. 

Bee  onepanHH  no  noflroxoBice  h  npoBefleHmo  nyexa,  a  Taicace  npHBefle- 
hhk>  nycKOBOH  ycTaHOBKH  b  TpaHcnopTHoe  nojioaceHHe  nocjie  nyexa  npoBOflaT- 
ca  aBTOMaxunecKH,  6e3  ynacma  o6cJiyacHBaiomero  nepcoHana. 

OopMHpyeTca  cocTaB  h  CTapTOBbifi  KOMiuieKc  B03Bpamaexca  na  3aBOfl- 

H3roTOBHTenb  3a  hobwmh  PH  h  KA. 

CTapTOBbie  icomiuickcm  MopcKoro  6a3HpoeaHHfl  hmciot  b  cpaBHeHHH 
c  KOMiuieKcaMH  HaaeMHoro  6a3HpOBaHHH  cymecTBeHHoe  npeHMymecTBO  -  bo3- 
MOMCHOCTb  npOBeaeHHa  KOCMHHeCKHX  nyCKOB  H3  3KBaTOpHaJIbHbIX  UIHpOT.  B 
ymx  ycjioBHax  3aMemo  yBejiHHHBaeTca  nojie3Haa  Harpy3Ka,  b  oeo6eHHOCTH 

reocTaHHOHapHMX  HC3. 


KoMiuieKCBi  Moryr  hmctb  pa3JiHHHbifi  o6jihk.  6  rnojia  cero  rOAa  no  neH- 
TpanbHOMy  TejieBimeHHio  6mji  noKa3aH  cxapx  H3  noABOAHOH  aoakh  paicexbi- 
HOCHTejw  KA,  KOTopwH  ycnemno  BHBeACH  Ha  op6HTy. 

B  HacToamee  BpeMa  no  npoeKTy  «Cn  JIohh»  H3r0T0BJieH0  ocHOBHoe  xex- 
HOjionwecKoe  o6opyAOBaHHe  Ana  Mopcxoro  crapTa  -  c6oponHo-KOMaHAHoe 
cy^HO  h  nycKOBaa  iwaxcjjopMa,  xoxopbie  cne^yiOT  k  Meciy  ^ajitHefiuiHx  paGox. 
IlyCK  Ha3HaneH  opHeHXHpOBOHHo  Ha  0Kxa6pb  1998r. 

B  1994  roay  HHHH  hmchh  aieafleMHKa  A.  H.  KpbiJiOBa  pa3pa6oTaH  xex- 
HHHeCKHH  OTHeT  «IIxaByHHH  yHHBepCaJIbHblil  CTapTOBblH  KOMWieKC  (ITyCK)», 
b  kotopom  npoaHajiH3HpoBanbi  aocTOHHCTBa  h  HeAoexaxKH  K0pa6neft  pa3JlHH- 
Horo  apxHTeKTypHoro  THna  (icaxaMapaHbi,  KOpaSjiH  c  Manoil  rinomaAMO  Baxep- 
jihhhh,  roiaBynne  nrtax^opMH,  njiax^opMH  c  onopHbiMH  KOJioHHaMH,  KOpa6jiH 
C  KOpnyCOM  TpaAHUHOHHOH  (|>OpMbl),  c  XOHKH  3peHHa  HCn0JIb30BaHHa  HX  flJI a 
nyCKOB  paxex  h  npeAnonxeHHe  oxnaHO  KopaSjiaM  c  KOpnycoM  xpa^HHHOHHofi 
4)OpMbI. 

B  1998  ro,ay  ICBCM  p<i3pa6oxajio  «npeaJioaceHHa  no  co3AaHHK>  Mopcxo- 
ro  cxapxoBoro  KOMroieKca  Ana  aanycxa  paicex-HocnxeneH»,  tag  b  KanecxBe  nyc- 
koboh  ycxaHOBKH  npeAnaraCTca  npHMeHaxb  cocxaBHoe  cyAHO,  cocxoamee  H3 
AByx  nacxefi  -  rpy30BOH  h  MauiHHOH  cckumh,  coeAHHeHHbix  MeacAy  co6ofi  ace- 
CXKHM  CnenHbIM  ycxpoftcxBOM. 

rpy30Baa  ceicmia  npeAHa3HaneHa  AJia  xpaHcnopxHpOBKH  PH,  noAteMa  ee 
b  cxapxoBoe  nonoaceHne  h  npoBeAeHHa  nycxa.  OHa  npeAexaBAaex  co6oh  Heca- 
MOxoAHoe  cyAHO  CMemaHHoro  ruiaBaHHa,  SyxcHpyeMoe  no  Mopio  MauiHHHOH 
ceKiweH,  a  no  BHyxpeHHHM  boahwm  nyxaM  -  penHWMH  xoAKanaMH. 

He3HanHxenbnaa  (max  3,3  m)  ocaAKa  rpy30B0H  ceKiym  npeAoexaBAaex 
B03M0acH0cxb  HcnoAb30BaHwa  Ana  PH  cymecxByiomeH  npoMbiuuieHHOH  6a3bi, 
HaxoAameHca  He  xonbtco  no6nH30CXH  ox  Mopcxoro  noGepeacba,  ho  h  BHyxpH 
cxpaHw  (jih6o  ApyrHx  cxpaH)  b6ah3h  BHyxpeHHHX  boahhx  nyxeii.  Manaa  ocaA- 


Ka  rpy30B0H  cckiihh  no3BonaeT  Taicace  chh3htb  xpe6oBaHna  k  SeperoBOMy 
KOMiuieKcy  npH  3arpy3xe  paKexw. 

npH  npennaraeMOH  TexHOJionm  paSoT  ncne3aeT  HeoSxonnMOCTb  nepe- 
rpy3KH  PH  c  o^Horo  cynHa  na  npyroe  b  ycnoBHax  OKeana,  nojiHOCTbio  co6paH- 
naa  h  npoBepeHHaa  Ha  3aBone  paxera  h  KA  TpaHcnoprapyiOTca  k  MecTy  CTapTa. 

TaKHM  o6pa30M,  h  npH  mopckom  CTapTe  PH  B03MoacHa  npennaraeMaa 
KBCM  jum  xcejie3Ho^opoMCHoro  CTapTa  TexHOJiorHa: 

H3roTOBJieHne  —  TpaHcnopTHpOBKa  k  MecTy  CTapTa  —  cTapT. 

MauiHHHaa  cexnna  npeuHa3HaueHa  /yia  TpaHcnopTHpoBaHHX  rpy30B0fi 
ceKUHH  H  KOMnoHeHTOB  paxeTHoro  TOiuiHBa,  noAroTOBKH  PH  K  nycxy  h  o6ec- 
neneHHa  Tpe6yeM0M  octohhhbocth  nycxoBOH  ycTaHOBKH  nepen  nycKOM  h  bo 
BpeMH  nycxa  PH.  MauiHHHaa  cexnna  coctoht  H3  ocHOBHoro  cynHa  h  ueyx  ayr- 
pHrrepOB,  coemiHeHHMx  c  ochobhbim  cynnoM  acecTxo,  jih6o  uiapHHpHO. 

rpy30Baa  cexnna  hmcst  nojiHoe  BonoH3MeiueHHe  3 ...  4  tbic.  t,  HaH6ojib- 
uiyio  njiHHy  no  100  m,  HaH6ojibiiiyio  uiHpHHy  15...  16  m,  MaxcHMajibHyio  ocan- 
xy  3,3  m. 

Taxoe  cyimo  cnoco6HO  npomH  no  BceM  ochobhbim  BHyrpcHHHM  boahbim 
nyxHM  Pocchhckoh  <Denepan,HH  h  YxpaHHbi  (no  chctcmc  Bouro-BajiTa,  Bojiro- 
floHa,  xaHajiy  hm.  Mockbm).  Fpy30Baa  cexima  KpOMe  TexHonoriraecxoro  060- 
pynoBaHHa  nna  paSoTW  c  PH  h  cTapTOBoro  ctojib  ocHamena  coSctbchhoh 
3HepreTHuecKOH  ycTanoBxoH  nua  nHTaHHa  TexHOJiorHnecxoro  oSopynoBaHHa, 
cpencTBaMH  oOecneueHHa  coxpaHHOCTH  PH  bo  BpeMa  TpaHcnopTHpoBKH,  open* 
CTB3MH  noacapoTymeHHa  h  6opb6w  3a  acHBynecTB,  annapejibio  nna  3arpy3KH 
PH.  TpIOM  CeKHHH,  B  KOTOpOM  HaxonHTca  PH,  B  TpaHCnOpTHOM  nOJIOXCeHHH  3a- 
KpbiT  cABHacHOH  xpMineii  Ha  Boo  nJiHHy  PH.  Ha  ceKHHH  pacnoJiaraiOTca  acnjibie 
noMemeHHa  ana  pa3MemeHiaa  He6ojibinoro  axunaaca,  conpoBoacaaiomero  cex- 
iuno  no  BHyTpeHHHM  boahmm  nyraM  h  oxpaHaiomero  ee  bo  BpeMa  OTCToa. 


XapaicrepHCTHKH  MauiHHHoft  ceKimH  noA6npaiOTca  t3khm  o6pa30M,  hto- 
6w  oGecnenHTb  Bceft  nycKOBOH  ycraHOBKe  Heo6xoAHMbie  MopexoAHwe  KanecT- 
Ba  h  octoShhboctb  np«  nycxe  PH. 

B  ochobhom  Kopnyce  pa3MemaK)Tca:  rjiaBHax  3HepreTHHecKaa  ycTaHOB- 
Ka,  aioniaxe,  3anac  roojiHBa.,  paano-  h  HaBHraiwoHHoe  o6opyaoBaHHe. 

B  ayipurrepax  pa3MemaK>Tca:  cmkocth  c  KOMiiOHeHTaMH  paKeraoro  to- 
iuiHBa  (oKHCJurrejiB  h  ropionee  b  pa3Hbix  ayipnirepax),  cpeacTBa  3anpaBKH  PH 
KOMiiOHeHTaMH  paKeTHoro  ToroiHBa,  6ajuiacTHMe  HHCTepHM,  cpeacTBa  noxcapo- 
TymeHHH,  6aniHH  c  ruiomaaKaMH  KpyroBoro  oOcjiyxcHBaHHa  PH,  npHBOAa  6a- 
meH  oScjiyxcHBaHHH. 

06mee  BOA0H3Memei*He  nycKOBoii  ycTaHOBKH  9...  14  thc.  t,  HaH6onbinaa 
AJiHHa  140...  150  m,  MaKCHMajibHaa  ocajpca  6,6  m,  HandoAbinaa  nmpHHa  b  crap- 
tobom  nojioxceHHH  50... 60  m. 

He6ojibiiiHe  pasMepeHMB  Bcex  BOAOH3MemaiomHx  nacTeft  nycxoBoft  yc - 
T3H0BKH,  a  Taicxce  coe«HHeHHe  ochobhoto  KOpnyca  c  ayrpHrrepaMH  Ha  iuiaBy 
aaiOT  B03M0XCH0CTb  MCI10JIb30BaTb  flJW  IIOCTpOHKH,  06CJtyXCHBaHHa,  MOAepHH- 
3aHHH  H  peMOHTa  Bcex  aneMCHTOB  nyCKOBOft  yCT3HOBKH  AOKH  CyAOpeMOHTHHX 
npeanpHATHH  cpeAHeroHHaxcHHx  cyaoB. 

PH  nojiHOCTbio  coOnpaerca  b  MMKe  oahoto  H3  cymecTByiomHx  paKeTO- 

cTpoirrejibHbix  npeAnpHaniil  Ha  TpaHcnopTHO-nycKOBoii  6ajnce.  Bamca  oimpa- 

erca  Ha  TpH  4x  ocubie  xcejie3HOAopoxcHbie  tcjicxckh  rpy3onoAbeMHOCTbio  no 

100t,  CToamHe  Ha  TpexKoneitHOM  xcejie3HOAOpo*HOM  nym,  no  KOTopoMy  co6- 

paHHbm  HOCHTejib  TpaHcnoprapyerca  k  rmpcy  aokomothbom.  TeM  xce  aokomo- 

thbom  PH  no  annapenH  3aKarbiBaeTca  b  TpioM  rpy30Boii  ceiaiHH  (pHcyHOK  3), 

* 

rAe  TpaHcnopTHo-nycKOBaif  6amca  c  PH  3aKpeiuiaeTca  Ha  noAbeMHOM  ycrpoii- 


ciBe. 


Ilocjie  3arpy3KH  PH  rpy30Baa  ceKixua  no  BHyrpeHHHM  boahhm  nyraM 
npoBOAHTca  peHHbiM  6yKcnpoM  b  MopcKOH  nopT  k  wecry  coeaHHemw  c  Ma- 
iiiHHHoit  cerameft. 

CoeAHHeHHe  rpyjQBOH  ceiicuHH  c  Marammoft  ocymecTBjiaeTCJi  cnnaMH 
ManiHHHoft  ceicnHH  bo  BHyipeHHefi  hjih  BHeumeft  aKBaxopHH  nopTa. 

Ilocjie  coeAHHeHM  nycKoiaa  yciaHOBica  HAer  k  Mecry  nycica  PH  (pucy- 
hok  2).  Bo  BpeMfl  nepexoAa  ayTpmrepw  cBeAemi  h  cobahhchh  c  ochobhhm 
KopnycoM  MauiHHHOH  ceKLiHH  h  c  rpy30Boft  ceKuneft.  TaKoe  nonoacemie  no3BO~ 
jiaeT  cyAHy  Acme  npcoAoneBaTb  chabhoc  BOAHenne,  cromaeT  neperpy3KH  Ha 
PH  h  o6neraaer  npoxoameime  no  mopckhm  xaHanaM  h  no  aKBaxopiwM  noproB. 

IIpH  noATOTOBKC  k  nycKy  ayipHrrepM  pa3ABHraiOTca .  Baimm  arperaxoB 
o6cAy*HBaHHa  ycraHaBAHBaioTca  b  BepTHKanbHoe  nonosKeroie.  Ha  rpy30B0fi 
ceKUHH  Kpurna,  3EKpHBaK)maji  PH  npn  ipaHcnoprapoBKe,  CABHraerca,  ocbo- 
5oacAaa  ripoew  aa«  noAteMa  PH.  IloAbeMHoe  ycTpoftCTBO  npn  noMomn  rHApo- 
HHAHHAPOB  nOAHHMaeT  PH  B  BCpTHKaJIbHOC  nonoacemie. 

PH  3aicpenAaeTca  Ha  nycKOBOM  cTOAe.  K  PH  noABOABTca  ruiomaAKH  Kpy- 
roBoro  o6cAy»CHBaHHa.  B  takcm  noAoaceHHH  iipoh3boahtca  3anpaBKa  PH  kom- 
noHOHTaMH  paKeraoro  TonnuBa  h  noATOTOBKa  k  nycxy. 

nepeA  nycKOM  ayrpHrrepH  c  SaumsMH  o6cAyacHBaHHa  otboaxtcb  ot  PH 
(pncyHOK  4).  T a300Tpa»(2TeAbHHe  aiokh  noA  nycKOBWM  ctoaom  ciaiaAWBaiOTca 
b  cTaproBoe  noAoaceHHe,  oncpuBaa  oKHa  AAa  otbcachha  npOAyKTOB  croparoia. 

nocae  3aBepmeHHa  noAroTOBKH  k  nycxy  aiomaac  nycxoBOH  ycxaHOBKH 
nepecaacHBaerca  Ha  cyAHO  kocmmacckoh  cnyac6bi,  c  xoroporo  h  npou3BOAHTca 
ynpaBAeHHe  nycxoM  PH. 

■s. 

npH  nycxe  nepeA  otpmbom  PH  ot  nycxoBoro  crona  TpaHcnoprao- 
nycKOBaa  6aAKa,  Ha  KOTOpoS  np0H3B0AHnacb  c6opxa  PH,  TpaHcnoprapoBKa  h 
noA"beM  ee  b  BepTHKaAbnoe  nonoaceHHe,  OTBOAHTca  ot  PH  aab  o6ecneneHHa 
6e3yAapnoro  BwxoAa  PH  c  nycxoBoil  ycraHOBKH. 


pHcyHOK  4  -  3anycK  paiKeru-HOCHrena  c  MOpCKoft  nycKOBofi  ycranoBKH 


flBnraxejibHbie  ycxaHOBKH  Manbix  KOCMiroecKHX  annapaTOB. 


E.r.JIapHH,  B.A.HeKpacoB 
HHH  ManiHHOCTpoeHHH 
624610  r.HHXHJM  Cajina 
yji.CxponxejieH,  72 
OAKC:  (8-34345)  3-17-03 


F.O.Pein 

HI10  ManiHiiocTpoeHHH 
143952,  r.PeyxoB  Mockobckoh  o6ji. 
yji.rarapHHa,  33 
OAKC:  (095)  302-20-01 


KD.H.BepniHHHH 
YPo  PAH 

PlHCXHXyX  3JieKXpO(J)H3HKH 

620049,  r.EicaxepHH6ypr, 
yji.KoMCOMOJibCKaa,  p.4 
OAKC:  (343-2)  74-50-51 


B  noKJiane  oScyxcnaioxcH  Bonpocbi  co3,qaHHH  nBnraxejibHbix  ycxaHOBOK  (flY)  non 
pa3pa6oxaHHbie  HHO  Main  npoeKXbi  nHcxaHpnoHHoro  30H^npOBaHHa  3eMjm  (fl 33)  h 
KOCMnnecKOH  CB33H  Ha  6a3e  Manbix  kocmhhcckhx  annapaxoB  (MKA),  BbiBO^HMbix  Ha 
pa6onne  op6nxbi  c  noMombio  paKexbi-Hocnxejia  (PH)  “CTPEJIA”.  npencxaBueiibi 
pe3yjibxaxbi  npenBapnxejibHoro  npoeKxnpoBaHiui  h  oxpaSoxxH  nsyxKOMnoHeHXHbix 
xcH^KOcxHbix  paxexHbix  flBHraxejieii  Marion  xarn  (flMT)  c  xaron  2,9H  h  arperaxoB  flY  /yin 
MKA  7(33.  PaccMoxpeHbi  B03Moacm>ie  Bapnanibi  oSjinica  flY  KoppeKiinn  h  nopa3roHa  c 
Hcnojib30BaHHeM  BJieKxpopaKexHbix  nBnraxejien  (3Pfl)  xnna  CHfl,  flAC  jyi x  MKA 
KocMnnecKOH  CBH3H.  OScyxcnaioxcfl  pe3yjibxaxw  pa6ox  HHH  Mam  no  co3naHHio 
HMnyjibCHbix  3JieKxpOHHO-nexoHanHOHHbix  3Pfl  (H3flPfl)  n  B03Moxcnocxb  hx 
npHMeHeHHa  b  flY  Koppeximn  h  cxa6njin3aHHH  MKA  KOCMimecKon  cba3h  pa3pa6oxKH 
HnO  Mam. 


non  pa3pa6oxaHHbie  HnO  Mam  npoeKXbi  MKA  pm  nncxaHimoHHoro 
30HnHpOBaHHfl  3eMJIH  H  KOCMHHeCKOH  CBH3H  C03naiOXCfl  JXBa  BHJja  flY 

fly  nna  o6ecneneHH:i  ynpaBjieHM  nonexoM  MKA  fl33,  naxo/mmeroca  Ha 
okojio3cmhoh  op6nxe,  b  Koxopon  b  xanecxBe  HcnojiHHxejibHbix  opraHOB  cncxeMbi 
ynpaBJieHHfl  (CY)  Hcnojib3yioxcH  xcnnicocxHbie  flMT; 

flY  njia  oSecneneHiia  ynpasjieHHX  nonexoM  MKA  KOCMnneocon  cbjhh, 
BbiBonHMoro  Ha  reocxaHHOHapHyio  opGnxy  (rCO),  b  Koxopon  b  KanecxBe  nBnraxejien 
KoppeKHHH  h  nopaaroHa  ncnojibayioTcx  3Pfl. 


ZIY  MKA  jHcxaHnHQHHoro  30HHHP0BaHHg  3eMJin 

flY  c  BbrrecHHxejibHOH  cncxeMon  nonann  xoiuniBa  nocxpoeHa  no  xpanmmoHHOH 
nnx  xaxoro  miacca  JiexaxenbHbix  annapaxoB  cxeMe,  conepxcnx  b  cbocm  cocxaBe  Sajinoiibi 
BbicoKoro  naBJieHHH,  3JieKxponHeBMOKJianaH  (3nK),  penyxxop,  Gann  c  pamejinxejibHbiMn 
nHa^pamaMH,  nsHraxeiib  KoppeKimn  (cepnimbm  17fl583),  CBX3Ky  flMT  cxa6njiH3annH 
(6  mx.).  KoMnoHeHXbi  xonjiHBa  -  bmhji,  renxnji.  PaSonee  xcjio  cncxeMbi  Hannyna  -  a3ox, 
rejinn.  CyMMapHbin  HMnyiibc  xxra  okojio  1,2  105  He. 


lO.H.BepniHHHH,  E.r.JIapHH,  B.A.HeKpacoB,  r.O.Pem 


B  uejiJix  oGecneneHini  3a/ianHoro  ypoBHA  HaAexcHOCXH  Jjy  KOMnAeicryexcx 
arperaxaMH,  npomefliiiHMH  jieTHyio  3KcnnyaTanmo  b  cocTaBe  H3«ejiHH  HTIO  Mam  h 
Apyrnx  npe^npHaTHH.  BMecre  c  TeM  xcecxKHe  orpamweHHn  no  Macce  Bbi3BanH 
Heo6xo,AHMOCTb  npOBeneHHH  hobmx  pa3pa6oxoK.  3to  npexcAO  Bcero  AMT  c  xaroH  2,9  H, 
a  Taicace  3IIK  h  penyicrop.  CepnirabiH  AByxicoMnoHeHXHbiH  AMT  c  xarofi  2,9  H  co3Aaexcx 
BnepBbie  Ha  ochobc  HMeiomerocH  b  HHH  Mam  3aAena  no  pa3pa6oTKe  AMT  c  ypoBHeM 
Tara  0,1  +  1  H. 

K  HacTOHineMy  BpeMeHH  ripoBCACHbi  3KcnepHMeHTajibHbie  HCcneAOBaHHA 
HecKOAbKHX  cxeM  opraHH3anHH  paGonero  nponecca  b  KaMepe  cropamm  (KC)  Ha 
caMOBOcnjiaMeHHJomHXca  KOMnoHeHTax  TonjiHBa  —  aMHA,  renTHA. 

H3yneHbi  cxeMbi  CMeceoGpa30BaHH«  c  np HMeHeHHeM  nopncxbix  sacmchtob, 
BHxpeBbix  xaMep,  AByxKOMnoHeuxHbix  CMecHTeAbHbix  3AeMeHxos,  no3BOA»K)inKX 
noBbiCHTb  3^)(|)eKTHBH0CTb  CMeceo6pa3QBaHHA  h  oxAaxcAeHHH  KC  H  yBeAHHHTb  yAenbHbiH 
HMnyAbC  TArH. 

AHaAH3  3KcnepHMeHTaAbHO-TeopeTHnecKHX  nccneAOBaHHH  noKa3aA: 

Ha  ABHraxenax  c  nopHCXbiM  CMecHxeAbHbiM  3ACMeHT0M  yAeAbHbin 
HMnyAbC  Tara  cocTaBHA  (2520... 2880)  m/c  b  A*iana30He  H3MeHeHM  cooxHOineHHH 
KOMnoHenxoB  xonAHBa  Km=  (1,4. .  .2,3)  h  AaBACHHH  Ha  Bxonax  ox  10*10  ao  20  •  10  Ha, 

Ha  ABHraxeAAX  c  bhxpsboh  KaMepofi  onxHMH3auHeK  KOHCxpyKpHH  h 
pexcHMHbix  napaMexpoB  moxcho  oGecneHHXb  AoexaxoHHO  bmcokhh  ypoBenb 
3K0H0MHHH0CXH  ABHraXCAH  npH  npHCMACMOM  TenAOBOM  COCXOHHHH.  OCHOBHbIM 
HeAoexaxKOM,  orpaHHHHBaiomHM  npHMeHeHHe  hqaoGhoh  cxeMbi,  ABAxexca  noxpeSHOexb  b 
BbICOKHX  AaBAeHHAX  nOAaHH  KOMnOHeHXOB  TOnAHBa  (Pax  >30*  10  Ila), 

na  ABHraxene  c  ABy>;KOMnoHeHXHbiM  CMecnxeAbHbiM  aneMeHXOM  noAyneH 
yACAbHbiH  HMnyAbC  xarn  2 160... 2750  m/c  b  Anana30He  H3MeHemra  Km  =(1,3... 2,2)  h 
AaBAeHHa  Ha  Bxonax  ox  8  •  105  ao  22  •  105  na.  BpeMa  3anycKa  cocxaBHAO  mchcc  0,03  c. 

Ana  noABHK  KOMnOHeHXOB  xonAHBa  b  xaMepy  cropaHHH  ABHrareAev; 
HcnoAb30B3AHCb  cepHHHbie  3AeKxpoicnanaHbi  12PT.200.00,  koxopwmh  KOMnAeKxyexcfl 
cepHHHbiH  ABHraxeAb  17A583,  ycnemHO  3Kcn Ay axHpoBasmHHCA  b  cocxaBe  Jjy 
KOCMHHeCKHX  CTEHHHH  “AJIMA3”,  “MHP” 

Pa3pa6oTKa  3ITK  npoBOAHxca  Ha  ochobc  3aAena,  HMeiomeroca  b  HHH  Mam, 
noAyneHHoro  npn  oxpaGoxice  KOHCxpyKHHH  sAeicrpOKAanaHa  AMT  Ha  paGoneM  AaBAeHHH 
110  •  105na.  B  xoAe  npeAmecxByiomHx  HHOKP  oxpa6axbreaAHCb  pa3AHHHbie  bham 
npHBOAOB  3anopHOH  apMaxypbi  ox  aneicxpOMarHHXHbix  npaMoro  AencxBHa  ao 
AByxKOMnoHeHXHbix  KAanaHOB  abohhoxo  aohcxbha  b  HHxerpnpoBaHHOH  CMecHxeAbHOH 
roAOBKe  AMT.  Onnpaacb  Ha  HMeiomnilca  noAoacHxeAbHbin  onbix  co3AaHxm  3anopHbix  nap 
h  3AeKxpoKAanaHOB,  b  1997  r.  6bm  cnpoeicxapoBaH  31TK,  npeAHa3HaHeHHbiH  aaa 
3KcnnyaxanHH  b  cncxeMax  HanAyBa  xonAHBHbix  GaxoB  MKA  c  AaBAeHHeM  paGonero  xena 
AO  350  •  105  na.  3ITK  npucBoeH  hhackc  40  MBCK  200.00. 

B  neuax  yHH(])HKa.nHH  npOH3BOACXBeHHoro  h  xexHOAorHnecKoro  oGopyAOBaHHa 
3HK  co3Aaexca  Ha  6a3e  cepnHHO  raroxaBAHBaeMoro  h  ycnemHO  SKcnAyaxnpyiomeroca  b 

-m  s-m  T\nn  AAA  AA  ' 


cocxase  AMT  3AeKxpoKAanaHa  PT  200.00. 

TexHHnecKHe  xapaKxepncxHKH  3EK: 

paGonee  xeAO  a30x,  reAHH, 

AaBAeHHe  paGonero  xeAa,  na  350  •  10 

BpeMH  cpaGaxbiBaHHH  He  Goaee,  c  0,02 

HanpaxceHHe  nHxaHHa,  B  27_5 

MaxcHMaAbHoe  xoxonoxpeGjieHHe,  A  1,5 

Macca  He  6oAee,  kt  0,19 


IQ.H.BepinssKHH,  E.F.JIapHH,  E.A.HeKpacoB,  F.^.Pem 


Peflyicrop  fljia  chctcmm  HajwyBa  fly  pa3pa6axbmaexca  HnO  Mam  Ha  ochobc 
KMeioiueroca  ontixa  C03/iaHKa  cepuHHBix  pezjyKTopoB  ,zuia  jiexaxejibHbix  annapaTOB 
pasjiHHHoro  Ha3HaHeHHB.  HcrroJMyioxca  oxjiaaceHHbie  TexHOJiorHH  H3roxoBJieHHH  cGopicH 
h  HcnbrraHHK.  B  ocHOBy  KOHcxpyicijHH  penyicxopa  nonoaceHa  oxpaGoxaHHaa 
KHHeMaxHnecKaa  cxeMa  B3aHMoaeHCXBHa  peryjiHpyiomHx  ajieMeHxoB.  CHHaceHHe  Maccbi 
no  cpaBHeHHio  c  cymecxByiomHMH  npoxoxunaMH  aocxnraexca  3a  cnex  yMeHbineHna 
pacxona  paGonero  xena. 

XapaKxepncxHKH  peayicropa. 
paGonee  xejio 
aaBjicHHe  Ha  Bxone,  Ila 
naBjieHHe  Ha  Bbixo/je,  Ha 
MaKCHMajIbHblH  o6beMHbIH  paCXOA 
npH  flaBJieHHH  Ha  Btixoae  22  •  105  Ila,  m3/c 
Macca  penyxxopa,  kf 


a3ox,  rejiHfl 

350  •  105  -s-  30  •  105IIa 

(22  ±  3)  •  105  na 

1,5  •  10“3 
0,7 


fly  MKA  KOCMHHeCKOH  CBH3H. 

flna  SKcnjiyaxHpyiomHxca  Ha  TCO  MKA  SHeprexHHecKH  nejiecooGpaxHO 
Hcnojib30BaHHe  fly  c  3Pfl.  HUO  Mam  npe^jioxceH  pm  cxeM  BbreefleHHa,  b  Koxopbix 
noKasana  npHHiiHnnajTbHaa  B03MoacHocxb  nocxaBKH  nojie3HOH  Harpy3KH  Maccon  jxo  520 
kf  na  TCO  c  Hcnojib30BaHHeM  PH  “CTPEJIA”,  nonojiHHxejibHoro  XBepnoxonjiHBHoro 
flopa3roHHoro  Gnoica  h  fly  MKA  c  3Pfl. 

B  3xom  cjiynae  fly  c  3Pfl  oGecnenHBaiomaa  ynpaBjieHHe  flBHaceHHeM  neHxpa 
Macc  MKA  h  noaaepacaHHB  ero  b  xomce  cxohhhh  Ha  TCO,  HcnojiHaex  xaiosce  (J)yHKpnH 
Aopa3roHHoro  6jiOKa,  3aflaneK  Koxoporo  aBjiaexca  BbiBe^eHHe  MKA  c  HexoxopOH 
npoMOKyxoHHofi  opGuxbi  Ha  TCO.  Hponecc  BbmeaeHHa  flonaceH  npoaojDKaxbca  He  Gojiee 
145  cyxoK. 

B  cocxase  fly  npe^nojiaraexca  Hcnojib30Baxb  cepHHHbie  3Pfl  CIlfl-70  c  xarofi 
40  •  10'3  H  pa3pa6oxKH  OKB  “OAKEJl”.  CyMMapHbin  HMnyjibc  xara  fly  1,3  106  H  •  c. 

flaa  ynpaBneHHH  flBHaceHHeM  MKA  oxHOCHxejibHO  peHxpa  Macc  Ha  ynacxxe 
BbiBeaeHHB  h  Ha  TCO  npennojraraexca  Hcnojib30Baxb  flonojiHHxejibHjro  ^BHraxejibHyro 
ycxaHOBKy  cxa6njnmpnn  c  cepHHHbiMH  ABHraxenaMH  K10  na  MOHOxonjiHBe  (raflpa3HHe) 
c  xaroii  100  •  10'3  H,  xaioice  pa3pa6oxKH  OKB  “<J>AKEJT\  CyMMapHbin  HMnyjibc  xara 
3,4  -  104  H  e. 

P accMaxp h b aexca  B03MoacHocxb  ncnojib30BaHHa  BMecxo  CHfl-70  3Pfl  flAC 
pa3pa6oxKH  flHHHMAIII,  Koxcipbie  npn  oahoh  h  xoh  ace  xare  HMeiox  MeHbmyio  Maccy, 
6ojibmHH  (oxcHflaeMbiS)  pecypc  paGoxu  h  pacnonaraiox  BO3M0xcHOCXbio  peryjiHpoBaHna 
moixihocxh  b  nonexe.  nocjieaHee  o6cxoaxejn>cxBO  npeacxaBJiaex  3HaraxejibHbiH  HHxepec, 
x.k.  no3BOJiaex  onxHMH3HpoBaxb  noxpeGjieHHe  3Hepnm  ox  GopxoBoro  HCxoaHHica 
(cojiHenHbix  Gaxapen)  npn  BbiBe«eHHH  MKA  h  npn  cobmccxhoh  paGoxe  Ha  FCO  fly  h 
UCJiesoH  annapaxypbi.  HeflOcxaxKOM  xaxoro  Bapnanfa  KOMiuieicxaijHH  fly  aBjiaexca 
oxcyxcxBHe  npaxxHKH  jiexHofi  aiccnjiyaxapHH  3Pfl  flAC. 

HpeflcxaBjiaex  3HaHHxejibHbm  HHxepec  Hcnoab30BaHHe  HMnyjibCHbix  njia3MeHHbix 
ABHraxeaeH  (HHfl),  no3BOJiaiomHX  coBMecxHXb  b  oahoh  3jierrpopeaKXHBHon  fly 
(bynKHKH  KoppeicpHH,  cxa6HjiH3aijHH  h  opHeHxaipiH  MKA.  Pa6oxbi  no  co3flaHKio  HHfl 
Benyxca  b  HHH  Mam  cobmccxho  c  HHCxnxyxoM  3jieKxpo(|)H3HKH  ypO  PAH. 

3xh  ABHraxejiH  npunpHnnajibHO  oxjmxaroxca  ox  cymecxByiomHX  3Pfl  xax  no 
4>H3HnecKHM  nponeccaM,  <J)opMHpyiomHM  HMnyjibc  xarH,  xax  h  no  xexHunecKHM 


K).H.BepraHHHH,  E.f.JIapHH,  E.A.HeicpacoB,  r.<P.Pem 


pemeHHHM  HMnyjibCHoro  HCxonHHKa  snepniH.  B  oxiinnue  ot  H3BecxHbix  HMnyjibCHbix 
3P ft  b  npeflJiaraeMOM  nBHraxejie: 

ochobhoh  HMnyjibc  TJirH  4>opMHpyeTca  Ha  CTaaHH  pacnpocTpaHeHHa  paapw  b 
oSbeMe  hjih  no  noBepxHoexH  paGonero  xena; 

HMnyjibCHbin  pa3p*«  pacnpocxpaHaexcx  co  cropOHW  anona  b  HanpaBjienHK 

Kaxona; 

Hcnojib3yK)TCH  HMnyjibCW  BHCOKoro  HanpsDKeHHa  (1604-220  kB)  HaHOceKyHflHon 
(54-10  hc)  juiHxejibHOCXH; 

HOHH3apHB  paGonero  xejia  npoHexonHx  bo  (JipOHxe  ynapHOH  booth,  xax  pesyjibxax 
B3pbiBHOH  3MHCCHH  BajieHXHbix  3jieKxpoHOB  b  cxopoHy  anona; 

MexaHH3M  ycKopeHini  nponyicxoB  noHoo6pa30BaHHH  -  ajieicxpocxaxHHecKoe 
B3anMOfleHCXBHe  nojioxcHxejibHbix  hohob  HcxexaioineH  njia3Mbi  c  o^hohmchho 
3apaxceHHOH  noBepxHOCXbio  paGonero  xena. 

B  coBOKynHOCXH  3xh  ocoGchhocxh  pa3pa6axbiBaeMbix  nBHraxejieii  npnBo^ax  k 
3HaHHxeiibH0My  noBbimeHHK)  y^cubHoro  HMnyjibca  b  xoppcBOM  Bapnanxe  paapajjHorc 
npoMeacyxKa  (ks  MeHee  20000  m/c),  b  xo  BpeMa  kek  y  cymecxByiomHX  xopijeBbix 

HMnyjibCHbix  3P/J  -  He  Gojiee  8000  -5-  12000  m/c. 

Pa3pa6axwBaeMbie  3P/J  nojiyxiniH  Ha3BaHHe  HMnyjibCHbix  ajiexxpoHHO- 
nexoHaijHOHHbix  paxexHbix  jiBHraxeaen  (H3/1P/1,).  3xo  H33BaHHe  oxpaacaex  ochobhoh 
npopecc  npeBpameHHH  paGonero  xena  (PT)  b  BbicoKOxeMnepaxypuyio  njia3My  Ha  (jipQHxe 
CBepx3ByKOBoro  pacnpocxpaHeHHH  (j)a30Boro  nepexoaa. 

B  KCCJienyeMOM  flBHraxejie  ripn  Manbix  3Hepraax  pa3p»«a  oGecnenHBaexca 
BbICOXHH  ypOBeHb  HMnyjIiiCHOH  MOmHOCXH  B  pa3pxne.  Ho  CpaBHeHHIO  C  TpaflHHHOHHblMH 
HMnyjibCHbiMK  njia3MeHHHMH  flBHi'axejiflMH  peajiH3yK)xcH  npenMymecxBa  Mexaroi3MOB 
njia3MOo6pa30BaHHB  h  yCKopenna  njia3Mbi,  conyxcxByioinHx  naHHOwy  xnny  pa3pana. 

CymecxBeHHbiM  npeHMymecxBOM  H3/IP/I,  HBjiaexca  nacxoxHO-HMnyjibCHbiH 
pexcHM  paGoxbi  (c  nacxoxoii  no  100  Fn  h  6ojiee)  c  B03MoncHOCXbio  npaicranecKH 
MrHOBeHHoro  HaGopa  h  cGpoca  xhxh.  Enaronapa  axon  ocoGchhocxh  oGnacxb 
3(fx|)eKXHBHoro  npHMeHeHM  Jjy  Ha  6a3e  H3/PVJ  Moxcex  Gbixb  pacuiHpeHa  npaKXHnecKH 
Ha  Bee  Kjiaccbi  npencxaBjisnomux  HanGojibmHH  nm-epec  fljra  pa3paGoxnHK0B  MKA: 

nonnepxcaHMe  reocrraiinoHapHbix  KA  b  nanpaBJieHHH  cesep-Jor  b  xeneHHe  10-4-15 

jiex; 

KOMneHcanHH  aaponHHaMHHecKoro  conpoxHBjieHRa  MKA,  oGpanjaiomHxcH  Ha 
hh3khx  OKOJi03eMHbix  op6iixax  (300  km)  b  xeneHHe  54-7  jiex; 

CMena  opGnxbi; 

xoHHbie  ManeBpbi  h  ynpaBJienne  opHeHxanHen; 

nojwepxcaHHe  3anaHHQH  xohhocxh  nocxpoenra  MOKopGnxajibHbix  rpynnHpOBOK 
Majibix  MKA; 

yBon  oxpa6oxaBinHX  hjih  oxKa3aBinHx  MKA  c  FCO. 
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XapafcrepHCTHKH  jiynmHx  MOAejibHbix  o6pa3poB  H3^P^  Ha  cospeMCHHOM  3Tane 
pa6oT  npeflCTaBjieHbi  b  ra6ji.  1. 


Ta6jiHpa  1 


Ns  n/n 

HaHMenoBaHHe  napaMerpOB 

PaGonee  Tejio 

W^SSSSSBESM 

1. 

EflKHHHHblH  HMnyjIbC  Tarn,  He 

HHSffRSMi 

2. 

Kflt!  TBlUf  Wffffi 

i.o 

1.0 

3. 

Pacxofl  PT  3a  HMnryabc,  xr 

1  •  10‘9 

0,8  •  10'9 

4. 

YAejibHbiH  HMnyjibc  Tara,  m/c 

32  •  103 

26  •  103 

5. 

TaroBbiS  KII$ 

0,51 

0,41 

6. 

IJeHa  Tarn,  Bt/H 

7. 

HacTOTa  BKjnoneHHH,  F  a 

<  100 

<  100 

yflejibHbie  xapairrepHCTHKH  H3.HP/3,  hmciot  pe3epBbi  b  yjiyHineHHH,  b  ochobhom 
3a  chct: 

OnTHMH3aUHE[  KOHCTpyKIJHH  pa3pHflHOH  KaMCpbi; 

HCn0JIb30BaHH»  K0Mn03HUH0HHbIX  PT,  MaKCHMajIbHO  yAOBJieTBOpafOIUKX 
ocoGeHHoersM  ajierpoHHO-AeTOHanHOHHoro  nponecca; 

noBbimeHHH  3HeprerHHecKHx  xapaicrepHCTHK  HMnyubCHbix  hctohhhkob 
ajieicrponHTaHHH. 

TexHHHecKaB  peiuiroyeMOCTb  <J)H3HHecKoro  nponecca  npHMeHHTejibHO  k  co3,aaHmo 
bo  MHoroM  onpeAejiaerca  xapaKTepHcraicaMH  BbicoKOBOJibTHbix  hctohhhkob 
nHTEHHa.  B  KanecTBe  hhx  Hcnojib3yK)Tca  HaHOceKyH^Hbie  reHepaTopw  HMnyjibcoB 
HanpaaceHHa  (FHH)  THiia  PA,H,AH  c  hectotoh  p,o  HecKOJibKHx  repu  h  rana  CM  Ha  6a3e 
TBepflOTejibHbix  nojiynpoBOAHHKOBbix  npepbiBaTejien  pa3pa6oTKH  H3<I>  YpQ  PAH  c 
peryjiHpyeMOH  nacroTOH  cjieAOBaHna  HMnyjibcoB  1x1000  Tu  h  pecypcoM  107  •  1011 

HMnyjibcoB.  XapaicrepHCTHKH  cymecTByromHX  jiaSopaTODHbix  o6pa3HOB  FHH,  a  Taoce 
co3flaBaeMoro  b  HacTcamee  BpeMa  o6pa3u;a  FHH,  6jih3koto  k  jieraoMy  BapHamry, 
npHBefleHbi  b  Taoji.  2. 

Ta6jiHna  2 


Ns  n/n 

HaHMeHOBaHne  napaMCTpoB 

PAflAH 

CM 

IlepcneKTHBHbiH 

FHH 

1. 

HanpaxceHHe  HMnyjibca,  kB 

150-300 

100-250 

180 

2. 

fljiHTeabHOCTb  HMnyjibca,  hc 

2-5 

(HS33HI 

10 

3. 

Snepraa  b  HMnyjibce, 

1-3 

mmjm 

5 

m 

Hacroxa  cjieAOBanna 
HMnyjibcoB,  Fn 

1-25 

1-1000 

100 

5. 

Pecypc,  HMn. 

M’tagM 

IF 

NHKEilflHK 

6. 

Km 

0, 3-0,6 

0.3+0.5 

0,5 

7. 

Macca,  Kr 

10-28 

50 

15 

Ilpn  oahhekobom  cyMMapHOM  HMnyjibce  Macca  h  p8Ha  thth  H3flP^  oxcHAaiOTca 
3HaHHxejibHO  MeHbrne  no  BejiHHHHe,  new  b  HMnyjibCHwx  3P$  3po3HOHHoro  rana,  npn 
3tom  6y«er  MeHbme  na  nopaAOK  BejiHHHHa  eflHHHHHoro  HMnyjibca.  HpH  pa6oTe  b 
nacTOTHOM  peacHMe  Ha  ypoBHe  100  Fp  c  nepcneKTHBHbiM  reHepaTopoM,  HMeiomuM 
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3Heprmo  b  HMiiyjibce  5  flat,  ceKymowft  cyMMapHbifi  HMnynbc  H3flPfl  craHOBwrca 
coH3MepHMHM  no  BejiHHHHe  c  tbtoh  cTannoHapHoro  njia3MeHHoro  ABHraTejw  Cllfl,- 

OflHHM  H3  OCHOBHbIX  HailpaBJieHHH  pa60T  no  C03flaHHK)  H3flPfl  H  ABHraTCJlbHblX 
Monyneft  Ha  ero  ochobc  HBnaeTca  pai3pa6oTKa  CHcreMbi  nonann  (CIT)  TBepAO<J)a3Horo 
(Tnna  (J)TOponjiacT-4)  paGonero  Tena  b  paapanubm  npoMencyroK.  B  HTore  noncKOBbix 
pa6oT  6bui  co3flaH  h  ycnemHO  HcnbrraH  MOflejibHbifi  o6pa3en  BapnaHTa  CHcreMbi  nonam* 
rnaineK  TBepflo4)a3Horo  PT  b  sony  paapaffHoro  npoMencyrica  nsGbiTOHHbiM  naBnerraeM 
TexHOJioranecKoro  ra3a  ot  hbtohomhoh  nHCBMOcHcreMH.  OyHKnuoHHpoBaHHe  cncreMbi 
nHeBMonoflann  b  aFTOManwecKOM  pencHMe  o6ecneHHBaerca  BKJiwneHHeM  h 
BbiKJiK)HeHHeM  ynpaBjiaiomero  sneKTpoioianaHa,  y cTaHOB jieHHoro  Ha  Bbixone  ra30Boro 
pecHBepa,  b  saBHCHMOCTH  ot  Bejimnubi  naBneHHa  b  nojiocTH  non  mauncoH  no  KOMaHnaM 
ot  CHrHajraaaTopa  AaBjieHna.  B  ctbahh  HcnbrraHHH  HaxoAHTCa  nHeBMoy3eA  KOMMyranHH 
paspaAHOH  KaMepbi  MnoroKaMepnoro  H3flPfl  c  reHepaTopoM  HMnyAbCOB  c 
B03M0)KH0CTbK)  aBTOMATHHOCKOrO  ynpaBACHHa  KOAHHeCTBOM  H  OHepeAHOCTbK)  BKAIOHeHHa 

pa3p«AHbix  xaMep. 

H3roTOBAeHne  AeMOHCTpanHOHHoro  o6pa3na  H3flPfl  h  flY  Ha  ero  ochobc 
nnaHHpyerca  b  2000  ropy. 

jjy  c  H3flPfl  Moacer  3c|)(|)eKTHBHO  HcnoAb30BaTbca  Ana  nonnepncaHHA  MKA  B 
TOHKe  CTOHHHH  Ha  TCO.  BmCCTC  C  TeM  CAeAyeT  OTMeTHTb,  HTO  npHMeHeHHe  flY  Ha  6a3C 
H3flPfl  B  KanecTBe  pa3roHHoro  Gnoxa  npH  cymecTByjomeM  orpaHnneHHH  moiahocth 
HCTOHHHKa  SHepran  (AO  3  kBt)  TpeSyer  npoBeAeHHe  paGoT  no  oirraMHsamm  napaMerpoB 
H3flPfl  H  flY-  OacHAaeMbie  noBbimenne  TaroBoro  KEfl,  flY  ao  50  %  h  HcnoAb30saHHe 
KOMno3HHHOHHbrx  paGonux  Ten  c  noBbimeHHbiM  bbixoaom  Maccbi  3a  HMnynbc  nossonaT 
yMeHbHiHTb  3HepronoTpe6neHHe  flY  ao  xpeGyeMofi  BenHHHHbi  h  noAHATb  ypoBenb  Tarn. 
B  HacToarnee  BpeMa  bo3mo3kho  coBMecTHoe  Hcnonb30BaHHe  b  oGbenHHeHHofi  fly 
CTanHOHapHbix  HMnynbCHbix:  H3flPfl. 


AnanH3  HMeiomeroca  3anena  no  npoeKTHpoBaHHio  h  OTpaGoxKe  no3Bonaer 
CAenaTb  3aKmoHeHHe,  hto  flY  MKA  fl33  MonceT  6biTb  coanaHa  3a  2  roAa. 

flBHraTenbHbie  ycraHOBKH  MKA  kocmhhcckoh  cbx3h,  yKOMnneKTOBaHHbie 
cepHHHbiMH  crannoHapHbiMH  3Pfl  Ana  KoppexpHn  h  ABHraTenaMH  Ha  MOHOTonnHBe  nna 
CTa6HnH3anHH,  Moryr  6biTb  co3naHbi  Tarace  b  TeneHHe  2-x  ner. 

CnenyeT  cnHTaTb  nenecoo6pa3HbiM  npononnceHne  pa6oT  no  co3naHHio 

nepcneKTHBHbix  flY  Ha  ochobc  H3flP,fl. 


K) .H. BepmHHHH,  E.r.JIapHH,  E.A.HeKpacoB,  r.<D.Pem 
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To  feed  components  into  chamber  the  series-produced 
electrical  valves  No.  12PT.200.00  were  used  which  are  fitted  into  the 
series-produced  17,0,58  engine  successfully  operated  as  a  part  of  the 
«ALMAZ»;  «MIR»  space  stations  PPs. 

The  EPV  is  designed  based  upon  Scientific  Research  Institute 
of  Machine  Building  experience  gained  through  development  of 
LTM  electrical  valve  design  at  the  operational  pressure  of  110  -  !05 
Pa. 

Various  types  of  actuators  for  locking  hardware  were 
developed  in  the  process  of  previous  D&D  starting  from 
electromagnetic  actuators  of  direct  action  up  to  two  component 
valves  of  double  action  in  an  integrated  mixing  head  of  LTM.  Based 
upon  the  available  positive  experience  of  making  locking  couples  and 
electrical  valves  in  1997  the  EPV  was  designed  for  operation  in  the 
tank  pressurization  systems  of  SSV  with  the  propulsive  mass  pressure 
up  to  350  •  !05  Pa.  The  LTM  was  designated  as  40MBCK  200.00. 

To  make  common  production  and  technological  facility  the 
EPV  is  made  based  upon  the  series-produced  and  successfully 
operated  electrical  valve  No.  PT  200.00  as  a  part  of  LTM. 

T echnical  specifications  of  EPV: 
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ecific  impulse  of  thrust, 


-4-  w  w 


One  of  the  main  directions  in  creating  IEKRM  and  propulsion 
modules  based  upon  it  is  development  of  the  solid  phase  (of 
polytetrafluorethylene-4  (PTFE)  type)  propulsive  mass  (PM)  supply 
system  (SS)  into  the  discharge  gap.  Surveys  resulted  in  manufacture 


Y.N.  Vershinin,  E.G.Larin,  B.A.  Nekrasov  G.F.Kesh 


f 

( 


The  demonstration  model  of  IEKR.M  and  PP  based  upon  it 


jointly  in  a  combined  PP. 
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BbiGop  ripoeKTHbix  napaMeTpoB  Majiwx  KA  c  3P /),  3anycKaeMbix  PH  jierKoro  KJiacca 

r.A.  rionoB,  r.B.  MajibimeB,  B.  Khm,  B.M.  KyjibKOB 
rocyaapcTBeHHbiH  HayHHO-HccjieaoBaxejibCKHH  HHCXHxyx  npHXjianHOH  MexaHHXH  h 
aneKTpoflHHaMHKH  Mocxobcxoto  aBHai^HOHHoro  HHCxHTyxa  (HHH11M3  MAH) 

125810,  r.  MocKBa,  BojioxonaMcxoe  in.  4 
Oaxc:  (095)  158-0367 

OflHHM  H3  HanpaBJienHH  noBBiineHHH  3(|)(j)eKTHBHocTH  Majitix  KocMnnecKHX  annapaTOB 
(KA)  aBjiaexca  Hcnojib30BaHHe  ajiexxpopeaxxHBHbix  nBHraxeiieH  (3P/3,)  nun  .gocxaBXH 
nojie3Hi.ix  rpy30B  (Iir)  Ha  Bbicofcne  op6HXbi  h  MeaauiaHexHbie  xpaexxopHH,  noAqepacaHHa 
OpGHXaJIbHbIX  rpyimnpOBOK  CnyXHHXOB  CB33H  H  flHCTaHUHOHHOrO  30H/IHp0BaHHa  3eMJIH  (7)33), 
co3^aHHH  peryjiHpyeMoro  ypoBHa  MHEporpaBiiTaiimi  na  Gopxy  Manbix  HH3Koop6HxajibHbix 
KOCMHnecKHX  annapaxoB. 

Bbicoxhh  ynejibHbifi  HMnyjibc  3P7)  (nopa/jxa  20... 30  kHc/kx)  no3BOJiaex  cymecxBeHHo 
noBbiCHXb  Maccy  nr  Majibix  KA  h  oGecnennxb  xaxHMH  KA  BbinojiHeHHe  3 a, nan,  xpaziHiiHOHHo 
peinaeMbix  GojibuiHMH  KA  c  xHMHnecxHMH  flBHraxejiaMH. 

B  xanecxBe  oflHoro  H3  HanGonee  nepcneKXHBHbix  xhiiob  3P))  paccMaxpHBaioxca 
cxapHOHapHbie  njia3MeHHbie  flBHraxenH  (Cn/)),  Koxopbie  ripomjiH  Ha3eMHbie  h  jiexHbie 
HcnbixaHHa  h  ycneniHO  SKcnjiyaxupyioxca  b  KOCMOce  c  1972  rona. 

HoBoe  noKOJieHHe  CUT)  cpe.nneH  mohuhocxh  no3BOJiaex  pemaxb  3aflaliH 
Me)Kop6HxajibiioH  xpaHcnopxupoBXH  rpy30B,  MOKnjiaHexiibix  nepenexoB  h  pa#  npyrax  3a#an. 

B  #oxjia#e  b  KanecxBe  npHMepa  npHBe#eHa  xoHexpyxxHBHaa  cxeMa  Majioro  KA  c  3P 
#jia  ziocxaBKH  nr  Maccofi  100  kx  Ha  reocxapHOHapHyio  opGnxy.  Flpn  sxom  BbiBe#eHHe  KA  Ha 
npoMOKyxonnyio  opGnxy  oGecnenHBaexca  paKexaMH-HocnxejiaMH  JierKoro  KJiacca. 

Pa3pa6oxaHHbie  kohpciiuhh  Majibix  KA  c  3P))  no3BOJiaiox  opeHuxb  hx  npenMyinecxBa 
no  cpaBHeHHio  c  xpa/inunoHHbiMH  xocmhhccxhmh  cpe#cxBaMH  h  nojiynnxb  npaxxHHecxne 
pexoMeHnanHH  no  pa3pa6oxxe  nepcnexxHBHbix  mhcchh  c  ncnojibsoBaHiieM  Majibix  KA. 

npoeKTHbie  napaMeTPbi  3anann 

OGipaa  onxHMH3anna  npoexxHoii  3a#anH  Bxmonaex  b  ce6a  napaMexpHnecxyio  nacxb 
(BbiOop  npoeKXHbix  napaMexpoB)  h  xpaoxxopHyio  nacxb  (aHajiH3  cxeM  nepenexa  h  onpe#eneHHe 
xpaeKxopHbix  xapaxTepHCXHx). 

YnnxbiBaioxca  orpaHnnenna  no  BpeMeHH  nepenexa  h  HHxerpajibHoii  #03e  pa#HanHH. 

OnxHMaabHbie  npoeKTHbie  pemeiraa  cooxBexcxByiox  MaxcHMyMy  I1H,  nocxaBJiaeMon  Ha 
paGonyio  opGnxy,  npH  3a#aHHOH  nanajiBHOH  Macce  Ha  npoMeacyxonnon  opGnxe  (oripenenaeMOH 
SHeprexHnecKHMH  B03MO>KiiocxaMH  cpencxB  BbiBenenna). 

Ha  axane  aHanH3a  xoMnoHOBOHHbix  cxeM  pa3roHHoro  Gnoxa  c  3P))  paccMaxpHBaioxca 
BapHaHXbi  cxeMHbix  pemeHHH  c  ynexoM  orpaHHneHHH  no  30He  nH  non  roJioBHbiM  oGxeicaxeJieM 
PH,  raGapnxHbix  pa3MepoB  cncxeM  h  arperaxoB  7)Y,  SHeprexHHecxoii  ycxaHOBKH,  GaxoB  c 
paGoHHM  xejioM,  nH  h  #p. 

7)BHraxejin  Marion  xarn  n  nx  npe#cxaBHxejiH  xnna  CUT)  xpeGyiox  b  npoexxHbix 
nccjienoBaHnax  xoMnnexciioro  SHeproGanjiHCxunecxoro  nonxona.  Oh  CBa3aH  c 
HeB03MoacHocxbio  pa3/iejieHHa  BbiGopa  xoHcxpyxxHBHbix,  SHeprexnHecxnx  n  peacuMHbix 
napaMexpoB  nenraxena  c  GaiuiHcxunecxiiM  pemenneM  no  xpaexxopnn. 

PeotcuMHbie  napaMempu  deusameim: 

•  xara  T\ 

•  cxopocxb  ncxenenna  W; 

•  xaroBbiii  KUJl  rjf. 
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•  noTpe6jiaeMaa  MoniHOCTb  Nthr, 

•  anoanoe  HanpaaceHHe  Ud,‘ 

•  MaccoBbifl  pacxoa  pa6oqero  Tena  thp 

3aMi>iKaiOTca  Ha  snepzocucmeA  ly: 

•  MOipHOCTt  3HepreTHHecKof  f  ycTaHOBKH  Npss; 

•  yaenbHyio  Maccy  CB  Yn\ 

•  yaenbHyio  Maccy  chctcmbi  btophmhoto  rtHTairaa  ytr\ 

•  CTeneHt  aerpaaapHH  CB  b  paanaHHOHHbix  noacax  kd- 

B  pejioM,  Bee  nepHHcneH  ibie  napaMeipbi  bxohat  b  GannHCTHHecicyio  aanany, 
onpeaejiaiomyio  TpaeKTopaio  nepenei  %  nporpaMMy  ynpaBJieHHa  BeKtopoM  Tara,  cyMMapHbift 
pacxoa  paGoncro  Tejia,  o6ihhh  pecypc  paSoTbi  chctcm,  BpeMa  ripeSbiBaHHH  b  paaHapHOHHbix 
noacax  h  BOcnpHHaTyio  ao3y  paanaijH  h.  flna  KOMrmaHapHbix  h  HeKOMnjiaHapHbix  KpyroBbix 
HanajibHbix  h  KOHenHbix  op6nT  bo3mo»:f  :h  npHSjiHxceHHbie  3HeproMaccoBbie  opemcH. 


npoeKTHaa  mojcj  il  pa3roHHoro  QjiOKa  c  3PJ,y 


OCHOBHblE  XAPAKTEPHCTHKH  3P£  r 


OcHOBHbie  cooTHomeHHH  ana  3PJ  '  npeacTaBnaiOTcn  chctcmoh  ypaBHeHHH 

•  MaccoBbitt  pacxoa  paSonero  Tena: 

mp  =(mi/q,)Ji/r]m 

•  MomHocxb  Ha  Bxoa;e  /iBHraTCJia: 

mi  'le 

•  CKopocTb  HCTeneHHa  paGonero  Tena: 


w  =  f  7  J.WA 


•  Tara  HBHraTejia: 

T=Jii}ej2mii  Jd  / q,  =  qmqe 

rae  mi  -  Macca  hohob; 
qi  -  3apaa  hohob; 

Ji  -  tok  nymca  hohob; 
r/m  -  MaccoBaa  3(})(j)eKTHBHocTb.  xap  EKTeprayiomaa  noTepn  BcneacTBHe  hchojihoh 
HOHH3au;HH  paGonero  Tena; 

Ud  -  aHonHoe  HanpanceHHe; 

t)e  -  aiiepreTHHecKHH  Kllfl,  xapaxi  epH3yiomHH  noTepH  moihhocth; 
rjs  -  noTepn  BCJiencTBHe  HeroMorer.  hocth  h  pacxoaHMOCTH  nyroca  hohob. 

OGipaa  hhh  TaroBaa  3(|)(J)eKTHBHOCT  b: 

‘Hr  -  :V«VeVm'rlrVc> 

rae  J]tr  -  KI  IJ],  btophhhoio  npeo6pa30Ba  n  yia; 

rjc  -  K03(|)(})HIIHeHT,  yHHTbIBaiOIH,HH  Y  O  TepH  3HeprHH  B  KOMMyHHKaHHHX  (b  KaGenax). 
TaroBbiH  KEI/],  annpoKCHMHpyeTca  3  aB  hchmoctbio: 

eW2 

%  v’+d7  ’ 

rae  W  -  CKopocTb  HCTeneHHa; 

e,  d  -  SMnHpHnecKHe  K03(|)(l)HHHem  m  (,  ma  CII/J,  K03(}x|)HHHeHTbi  npHHHMaroTca 
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paBHMMH  e=0. 79  h  d=l  1900  m/c). 

Ha  pHC.  1  npe^cTaBJieHa  raroRaa  acJxjaeKTHBHocTb  Cn/],  (annpoKCHMHpyioinaa  xpHnaa  n 
3KcnepHMeHTajibHbie  nainiine1). 

Bbi6op  onTHMa-iibHbix  napaMCTPOB  h  pacTieT  3HeproMaccoBhix  xapaKTepHCTHK 

OcHOBHbie  npoeKTHbie  napaMCTpbi  3P/J  -  cKopocTb  HCTeneiraa  W  (nan  yaenbHbiH 
HMnyjibc  Isp),  wa  T  n  Momnocxb  aneproycTanoBKH  Npss  Bbi6HpaK>Tca  ncxoafl  H3  MaKCHMyMa 

^ocTaBjiaeMoii  nH2,3. 


OnTHMAJTLHA-H  CKOPOCTB  HCTEHEHHfl  Wopt 


W  = 

rr  opt 


let 


n{l  +  apt 


+  d 2  , 


rae  tn  -  MOTopHoe  BpeMa  nepeaeTa; 

y-  yaenbHaa  Macca  anepreranecKOH  ycTaHOBKH,  BKntonaa  btophhhbih  npeo6pa30BaTejib; 
apt  -  OTHOCHTenbHaa  Macca  Sana  pa6onero  Tena. 

Ha  pnc.2  noKa3aHa  3aBHCHM0CTb  onTHMajibHoft  CKopocra  HCTenenna  Wopt  ot  BpeMeHH 
nepeaeTa  tn. 


HABAJILHOE  YCKOPEHHE  f0 

TpeSyeMoe  HananbHoe  ycKopeHne  onpeaenaeTca  ana  nepeaeTa  Moray  rpyroBbiMH 


opSHTaMH  : 


fo 


r 


opt 


V, 

l-exp(-— ) 


W„ 


opt 


rae  Vx  -  xapaKTepncTnnecKaa  cropocTb  ana  KOMnaaHapHoro  nepeaeTa: 

Vx  = 

a  ana  npocTpaHCTBeHHoro,  cooxBeTCTBeHHo: 


Vr  =■ 


In2  — 


2-2 


+  7t  1 


In— 


'  JZ 

kV0 


rae  ju  -  rpaBHxannoHHbiH  napaMexp  3eMan; 

ro,  rk  -  paanyc  HanaabHOH  h  kohchhoh  op6irr; 
4  -  H3MeneHHe  HaKaoHeHna  opSnTbi. 


TilEA  3 JIEKTPOPEAKTHBHOr O  flBHrATEJHI  T 


Tara  3P/1,: 

T  =  f0m0, 

rae  mo  -  HanaabHaa  Macca  annapaTa. 

MOIIJHOCTB  3HEPEETHHECK0H  YCTAHOBKH  NPSS 
MomiiocTb  aiiepreTH'iecKOH  ycTaHOBKH 
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TW„ 
N  = — - 

^  2  rtr 


rinocKTHaH  MaccoBaH  MoaeJik 


Macca  3HeprexHHCCKOH  ycxaHOBKH  Mpss  BbiHHCJiaexca  no  cooTHomeHHio. 

51  l‘SS  ~  Y  N  N  PSS  » 

me  Nl>ss  -  3JieKTpHiiecKaa  mouihoctb  C3Y  b  momchx  cTapTa  KA  c  npoMeacyxoHHOH  op6nxbi. 

B  momchx  Btixo^a  Ha  paSonyio  op6nxy  aHeprexHHecicaa  ycTaHOBKa  flOJiacHa 
oSecneHHBaTb  xpeSyeMyio  ajidcxpHnecKyio  MomHoexb  Alia  Nthr  Cllfl.  CBa3b  NPSs  h  AW  HMeeT 
bha: 


We  r\lr- 

7c- 

kd- 
Nsc  - 

Jjy  COCTOHT  H3 

•  crm,  XapaKTepHCTHKH  KOXQpLIX  CHHXaiOXCa  H3BeCXHBIMH ; 

•  cHcxeMbi  ynpaBneHHfl  flY ; 

•  CXn  pa6onero  xena; 

•  chcxcmbi  BxopHHHLix  npeo6pa30BaxeneH; 

•  coGcxBeHHO  KOHCxpyKHHH,  oSneflHHHiomeH  KOHexpyKXHBHO  nepenHCJieHHbie  xjieMeHxti. 

Macca  HBHraxeneii  BMecxe  c  CY  Mlhr  paccnHXbiBaexca  no  noABOHHMOH  k  hhm 

sjieKxpHHecKofi  moihhocxh: 

Mlhl.=ylhrNlhr. 

Macca  bxophhhbix  npeo6pa30BaxeneH  Mtr  paccHHXMBaexca  no  npeo6pa3yeMOH  hmh 


1 


N  = 

m  n A, 


N. 


ihr 


V  Vtr 


+  N  SC 


KnA  BxopHHHoro  npeo6pa30Baxejia  (npHHHMaexca  paBHbiM  0.93); 

Koa^^npneHX,  ynHXBiBaionprii  noxepn  3Heprnn  b  KOMMyHHKapnax  (b  xaGenax); 
npn  pacnexax  npHHHMaexca  rjc  =  0.96; 

K03(J)c{)HnHeHX  .qerpa^apHH  CB  (oxHomeHiie  moihhocxh  CB  b  momchx  BLixona  Ha 
pa6onyio  op6nxy  k  moihhocxh  CB  b  momchx  cxapxa  c  npoMencyxoHHOH  op6nxi>i); 
noxpeSjieHHe  mohihocxh  cjiy>Ke6iibiMH  h  npyrHMH  cncxeMaMH  KA.  IIpH  pacnexax 

npHHHMaJiocb  Nsc  =  400  Bm. 


ajieKxpHHecKOH  moihhocxh: 


M„ 


Y  ,rN,hr 


Macca  CXI1  Mtank  paccHHXBiBaexca  no  Macce  pa6oHero  xena  HBHraxejien  Mx: 

51 lank  =  M xapt  ■ 


Macca  KOHexpyKHHH  JSy  Mslr  paccnHXbiBaexca  no  cyMMe  Macc  HBHraxeneH, 
npeo6pa30Baxena  h  3anojiHeHHoro  6axa  c  paSonHM  xenoM  una  3P,fl,: 

M„  =  y  ,,  ( M,„,  +  M:r  +  Mx(uap,)). 

npn  HHCJieHHOM  aHaJiH3e  npHHHMaioxca  cnenyiomHe  3HaneHHa  ynenbHbix  xapaxxepHCXHK: 
ylhr  =2.5  kz/kBiu,  ylr  =  5Kz/KBm,  ystr  =0.15,  apl  =0.2. 

Macca  Been  flY  MPU  paccMaxpHBaexca  xax  cyMMa  Macc  ee  oxnenbHbix  aneMeHXOB: 

51 py  =  M far  +  51  tr  51  lan/{  +  5f  slr  . 

Oxnenbuo  paccMaxpHBaioxca  cocxaBnaiomHe  Maccw  KA,  Koxopbie  npHHHHmianbHo  Moryx 
6mxb  Hcnojib30Banw  npn  (JjyiiKHHOHHpoBaHHH  KA  na  I  CO: 

•  Macca  CHcxeMbi  ynpaBjicinia  ABHXceHHeM  KA  MCOntr • 

•  Macca  cjiyace6Hbix  chcxsm  Mserv. 
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•  Macca  KOHCTpyKUHH  KA  Mstr. 

CyMMa  3thx  Macc  Mz  npn  pacnerax  npHHHMaeTca  paBHOH  435  kb. 

BajiaHc  Macc  KA  c  3P/J  onpe^ejiaerca  cjie/iyioiHHM  coothoiiichhcm 

Mq  =  M  FSS  +  Mpu  +  Mj.  +  M  x  +  Mpl , 

me  Mpl  -  Macca  IIH. 

B  Ta6ji.l  npHBezieHBi  ocHOBHbie  TexminecKHe  xapaKTepucTHKH  Manoro  KA  c  3Pfl 
flocTaBKH  noJie3Horo  rpy3Ka  Maccon  100  kb  Ha  reocTauHOHapuyio  opGaty. 


Ta6jmiia  1 


HanajibHaa  Macca,  Kr 

350 

Macca  none3Horo  rpy3a,  bbibo^hmofo  Ha  reocTapHOHapHyio  op6HTy,  kt 

100 

MomHOCTb  3HepreTHHecKOH  ycTaHOBKH,  kBt 

~  3.5 

yaejibHbiH  HMnyjibc  ^BHraieJibHon  yciaiiOBKH,  km/c 

16-30 

3anac  xapaKTepHCTHHecicoH  ckopocth,  km/c 

~  6 

BbiBe^eHHe  oSecneHHBaeTca  PH  jierKoro  Knacca.  06iu,hh  bvijs,  Manoro  KA  c  3P/1,  noKa3aH 
Ha  pnc.4. 
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1  -  3JieKTpopeaKTHBHbiii  flBHraxejbb 

2  -  6aK  c  paSoHHM  tcjiom 

3  -  cojiHCHiibie  Ca  rapcH 

4  -  aHTeHHa  peTpaHCJiirropa 

Phc.  4 


r.A.  rionoB,  r.B.  MansmieB,  B.  Khm,  B.M.  KyjitKOB 


JlHTepaiypa 


1.  H.W.  Loeb,  G.A.  Popov.  Advanced  Interplanetary  Missions  Using  Nuclear  -  Electric 
Propulsion/  University  of  Giessen,  1994. 

2.  r.B.  MajibimcB,  B.M.  KyjibKOB,  M.B.  KyjibKOB.  AHajira  cxeMHbix  pernemm  h  npoeKTHbix 
napaMeTpoB  MexcopdHTaJibHbix  xpaiicnopTHbix  annapaTOB  c  3JieKTpopeaicTHBHOH 
ABHraTejibHOH  ycxaHOBKOM.  -  XIV  Haymbie  HxeHHfl,  nocBflmeHHbie  pa3pa6oxKe  Haymoro 
Hacne/pw  h  pa3BHxmo  H^en  <t>.A.  LJapnepa.  Te3HCbi  noKJiapoB.  M.,  HHET  PAH,  1997,  c  12- 
14. 

3.  F.B.  MajibimeB,  B.M.  KyjibKOB,  M.B.  KyjibKOB.  CpaBHHTejibHbra  xexHHKO-3KOHOMHnecKHH 
aHajiH3  BapnaHxoB  xpaHcnopxHon  cncxeMbi  “opduxa  HC3  -  opduxa  HCJI  .  -  XXXII  HaynHbie 
uxerma,  nocBameHHbie  pa3pa6oxKe  xBopnecicoro  Hacjie^HH  K.3.  UpoitKOBCKoro.  Te3HCbi 
AOKjiaaoB.  M.,  HHET  PAH,  1997.  c.43-44. 

4.  M.C.  KoHexaHTHHOB,  E.O.  KaMeHKOB,  E.n.  nepejibiriiH,  B  K.  Be3Bep6biH.  MexaHHica 
KOCMHnecKoro  nojiexa  -  M.:  MauiHHocxpoeHHe,  1989  -  408  c. 


r.A.  nonoB,  T.B.  ManbiuieB,  B.  Khm,  B.M.  KyjibKOB 


Small  Spacecraft  With  Electrical  Thrusters  Design  Parameters  Selection  Launched  by 

Light  Launch  Vehicles 

G.A.  Popov,  G.V.  Malyshev,  V.  Kim,  V.M.  Kulkov 
Research  Institute  of  Applied  Mechanics  and  Electrodynamics 
of  the  Moscow  Aviation  Institute  (RIAME  MAI) 

4  Volokolamskoye  sh.,  Moscow,  1258 10, 

Fax:  (095)  158  0367 

One  of  directions  of  small  spacecraft  (SC)  efficiency  increase  is  the  usage  of  electrical 
thrusters  for  SC  delivery  into  high  orbits  and  interplanetary  trajectories,  communication  and 
Earth  remote  sensing  spacecraft  orbital  constellation  maintenance,  creation  of  an  adjustable 
microgravitation  level  onboard  of  small  low-orbit  spacecraft. 

The  high  specific  impulse  of  electrical  thrusters  (of  order  20  ...  30  kN  sec/kg)  allows  to 
increase  essentially  the  small  SC  payload  mass  and  to  solve  a  problems  traditionally  solved  by 
large  spacecraft  with  chemical  engines. 

As  one  of  the  most  perspective  electrical  thruster  types  are  considered  the  stationary 
plasma  thrusters  (SPT)  which  have  passed  ground  and  flight  tests  and  successfully  used  in  space 
since  1972. 

SPT  new  generation  of  main  power  allows  to  realize  the  payload  interorbital 
transportation,  interplanetary  fl  ights  and  number  of  other  missions. 

SPT  small  SC  design  layout  for  100  kg  payload  mass  delivery  into  a  geostationary  orbit  is 
represented  in  a  report.  It  is  supposed  that  SC  insertion  into  an  intermediate  orbit  is  provided 
with  light  launch  vehicles. 

The  developed  concepts  on  the  SC  scheme  allow  to  evaluate  their  advantages  in 
comparison  with  a  traditional  space  means  and  to  receive  the  practical  recommendations  for 
development  of  perspective  missions  with  usage  of  small  SC. 

Problem  Design  Parameters 

General  optimization  design  problem  scheme  includes  a  parametric  part  (design 
parameter  choice)  and  a  trajectory  part  (transfer  trajectory  scheme  analysis  and  trajectory 
characteristic  calculations). 

The  transfer  time  and  integral  radiation  doze  limits  are  taken  into  account. 

Optimal  design  solution  corresponds  to  maximal  PL  mass  to  operational  orbit  with  given 
initial  mass  into  intermediate  orbit  (determined  by  transportation  system  power  possibility). 

Structure  option  with  taken  into  account  the  PL  zone  limitation  under  the  LV  nose 
fairing,  EPE,  PSS  and  SDS  dimensions  on  design  scheme  analysis  stage  of  ET  booster  were 
considered. 

Thrusters  and  SPT-type  thrusters,  in  particular,  need  a  complex  energy-ballistic  analysis 
method  in  investigation.  It  is  connected  with  impossibility  to  separate  the  choose  of  thruster 
structure,  power  and  mode  parameters  and  ballistic  trajectory  analysis. 

Thruster  mode  parameters: 

•  Thrust  T\ 


Discharge  Velocity 

W; 

Thrust  Efficiency 

Or, 

Thruster  Input  Power 

Nthf, 

Anode  Voltage 

Ud; 

Mass  Flow  Rate 

mp 
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are  connected  with  power-and-mass  parameters: 

•  PSS  Electric  Power 

•  PSS  Specific  Mass 

•  Secondary  Converter  Specific  Mass 

•  SP  Degeneration  Level  in  Radiation  Belts 
All  listed  parameters  are  included  into  ballistic  problem  defining  the  following 

parameters:  transfer  trajectory,  thrust  vector  control  program,  total  working  medium  flow,  the 
main  system  lifetime,  radiation  belt  interaction  time  and  the  total  radiation  doze  received.  It  is 
possible  to  use  approximate  mass-energy  estimations  for  coplanar  and  non-coplanar  circular 
initial  and  final  orbits. 


NpsS) 

M 

Ytr, 

kd. 


ETPU  Booster  Design  Mathematical  Model 


ET  GENERAL  PERFORMANCE  } 

ET  general  relations  are  represented  by  the  following  equation  system  : 

•  working  medium  mass  flow  rate: 

-  {m,  /  q,  )Jj  /  rjm 


•  thruster  input  power: 


Nthr  =  J,Ud  1  % 


fLUm 

m,  Tje 


•  working  medium  discharge  velocity: 

W  =  r}mr}H-\2qPd  /  m, 


ET  thrust: 


- \2qtUd 

T  =  J i^l„ U d  t q !  ^ 


-m 


p ’ 


where  tm,-  is  ion  mass; 
qt  is  ion  charge; 

Ji  is  ion  beam  current; 

rjm  is  mass  efficiency  characterizing  losses  due  to  not  complete  working  medium 
ionization; 

Ud  -  anode  voltage; 

rje  -  power  efficiency  characterizing  power  losses; 

j]B  -  losses  due  to  non-homogeneity  and  ion  beam  divergence. 

Total  or  thrust  efficiency: 

fJr  =  rl«rlerlm'n,rrlc> 

where  rjtr  is  secondary  converter  efficiency; 
rjc  is  losses  coefficient  of  cables. 

Thrust  efficiency  is  approximated  by  following  formula: 

eW2  ■ 
nr  ~  W  2  +  d2  ’ 

where  IF  is  discharge  velocity; 

e,  dare  empirical  coefficients  (for  SPT  the  coefficients  are  supposed  to  be  e=0.79  and 
d-11900  m/sec). 

SPT  thrust  efficiency  (approximate  curve  and  experimental  dates  )  are  given  in  fig.  1. 
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Optimal  Parameters  Selection  and  Mass-Energy  Characteristics  Calculation 


The  ET  main  parameters:  discharge  velocity  W  (or  specific  impulse  / sp  ),  thrust  T,  and 
PSS  electric  power  Npss  are  selected  on  the  base  of  PL  mass  maximum  criteria  . 

OPTIMAL  DISCHARGE  VELOCITY  Wopt 


W„ 


2 6t  „ ( 1 + 


opt 


i 


ap>) 


r 


+  d2  , 


where  t„  is  active  thrust  time; 

Y is  PSS  specific  mass  including  the  secondary  converter; 
apl  is  working  medium  tank  relative  mass. 

The  optimal  discharge  velocity  Wopt  valuation  from  active  thrust  time  is  given  on  fig.2. 
INITIAL  ACCELERATION  f0 

The  desired  initial  acceleration  for  flight  between  circular  orbits  is  calculated4: 


fo 


W„ 


opt 


t. 


Vx 

l-exp(-— ) 


r, 


opt 


where  Vx  is  characteristic  velocity  for  coplanar  transfer: 

v.=M-  & 


and  for  non-coplanar  one: 


,  -2:2 
+  n  lk  f 


V,  =■ 


/«— 


a 


where  //  is  Earth  gravitational  parameter; 
r0,  rk  are  initial  and  final  orbit  radii; 
ik  is  orbit  inclination  change. 


ET  THRUST  T 


ET  thrust  is 

where  m()  is  SC  initial  mass. 
PSS  POWER  Npss 
PSS  power  is 


T  =  f0m0, 


TWopt 
2  i}f 
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Mass  Design  Model 


Thus,  PSS  Mpss  is  calculated  as  follows: 

M  t>ss  —  y  n  N  pss  > 

where 

NPSS  is  SPSS  electrical  power  at  SC  launching  moment  in  the  intermediate  orbit. 

At  the  operation  orbit  entering  moment  the  PSS  should  provide  SPT  required  electrical 
power  Nthr-  The  relation  of  Npss  and  AW  is  as  follows: 

1  ( AW  ) 

N  PSS  =  -  ■  +  Nsc  , 

icK  V  %  SCJ 

where 

rjthl.  is  the  secondary  transducer  efficiency  (equal  0. 93); 

rjc  is  power  losses  in  cables  factor.  In  calculations  it  is  assumed  to  be  rjc  - 0 . 96; 

kd  is  a  SP  degeneration  factor  (the  relation  of  battery  power  at  the  insertion  into  the 

operation  orbit  moment  and  battery  power  at  the  launching  moment  from  the  intermediate  orbit); 
Nsc  is  SC  service  and  other  system  power  consumption  ( Nsc  =  400  W). 

The  propulsion  unit  consists  of 

•  SPT  which  characteristics  are  considered  as  known; 

•  propulsion  unit  control  system; 

•  working  medium  (xenon)  SDS; 

•  secondary  transducer  system; 

•  propulsion  unit  construction  proper  integrating  the  listed  construction  elements. 

Two  mass  model  approaches  to  the  propulsion  unit  have  been  realized.  In  the  first 
approach  thruster  mass  is  calculated  on  the  basis  of  particular  thruster  mass  values.  For  example, 
M-200  thruster  of  7. 75  kW  input  electrical  power  mass  including  its  control  system  is  about  19 
kg.  In  this  case  it  is  necessary  to  analyze  required  thruster  quantity  according  to  their  lifetime  and 
redundancy.  It  is  more  correct  for  the  present  investigation  phase  accept  to  relative  mass  concept 
(as  well  as  for  PSS),  thruster’s  mass  together  with  their  control  systems  being  calculated  on  the 
base  of  input  electrical  power: 

M*r  ~~  y /hr  ^ thr 

Secondary  transducer  mass  is  calculated  by  their  transforming  electrical  power: 

w  y  lr  Nlhr 

Mr  =  — Z - 

fi»r 

Propellant  SDS  mass  is  calculated  on  working  medium  (xenon)  mass  Mx\ 

Mlank  =  Mxapt 

Propulsion  unit  structure  mass  (Mstr)  is  calculated  on  the  sum  of  thruster’s  mass,  transducer 
and  tanks  filled  with  working  medium  for  ET: 

M,r  =  Vs,r (  M,hr  +  Mlr  +  Mx{\  +  apl]j 

At  numerical  analysis  following  specific  characteristic  values  have  been  accepted: 
y,hr  —2.5  kg/kW,  ytr  =  5  kg/kW,  ystr  =0.15,  apl  = 0.2 . 

Propulsion  unit  mass  Mpu  is  considered  to  be  the  sum  of  its  separate  elements: 

M pu  —  "h  Mr  M tank  ^ sir 

SC  element  masses  are  considered  separately.  The  following  mass  can  be  used  in  SC 
operation  in  GEO: 

•  SC  motion  control  system  Mconlr. 

•  SC  service  system  mass  Mserv. 
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•  SC  structure  mass  Mstr, 

These  mass  sum  (M£)  equals  435  kg  at  calculations, 

SC  with  ET  mass  balance  is  determined  by  the  following: 

K  =  Mpss  +  M,hr  +  Mz  +  M  x  +  Mpl 

where  Mpl  is  PL  mass. 

Major  performance  of  the  ET  SC  from  insertion  100  kgs  PL  mass  into  the  GEO  are  given 
in  table  1 . 

Table  1 


Initial  Mass,  kgs 


Payload  Mass  to  GEO,  kgs 


Power  Supply,  kW 


Propulsion  Unit  Specific  Impulse,  km/sec 


Characteristic  Velocity  Margin,  km/sec 


350 


0 


~  3.5 


16-30 


~  6 


Insertion  organized  by  light  launch  vehicle.  ET  SC  general  view  is  presented  on  fig.4. 
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Transfer  Time,  days 


Fig.  2  Optimal  Discharge  Velocity  (y=20  kg4w) 
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1  -  Electrical  Thruster 

2  -  Working  Medium  Tank 
3 Solar  Panel 

4  -  Antenna 


Fig.  4 
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npo6jieMM  oOecneaeHHa  cpokob  aKTHBHoro  cymecTBOBaHHa  Maabix 
cnyTHHKOB  c  ynexoM  hoboh  ajieMeiiTHOM  6a3bi. 

B.B.AiafiepaoB 

PKA 

129857,  r.MocKBa,  ya.IIJenKHHa,  42 
HA.Ah<J)HMOb,  F. H . KpaBTieHKO,  B.M.MaHOHao,  K).A.Cokojiob 

UHHHMam 

141070,  r.KopojieB  Mockobckbb  oSaacTb,  ya  riHOHepcKaa,  4 

PaccMaTpHBaioTca  bo3mojkhocth  h  nyra  yBeaHHeHHH  epOKOB  aKTHBHo¬ 
ro  cymecTBOBaHHB  (CAC)  Majibix  cnyTHHKOB. 

CpoKH  aKTHBHoro  cymecTBOBamra  KocMHHecKHX  annapaTOB  (nan  Bpe- 
Ma  HX  XOI3HH  Ha  OpSHTe)  BBJiaiOTCM  O^HOH  H3  OCHOBHbIX  XapaKTepHCTHK 
H3flejlHH  KOCMHHeCKOH  TeXHHKH,  OnpeaeaflK>meH  HX  TGXHHHeCKHH  ypOBeHb 
H  T6XHHKO-3KOHOMHHeCKytO  3(J)(|)eKTHBHOCTb.  Flo  3TOMy  nOKa3aTejlIO  pOC- 
chhckhc  KocMHHecKHe  annapaTbi  ao  chx  nop  ycTynaioT  aynmHM  3apy6e>K- 
HbiM  aHanoraM.  BcaeacTBHe  HeaocxaTOHHO  bmcokhx  CAC  KA,  a  TaiOKe  He- 
Koxopbix  apyrnx  noKaaaTeaeii  TcximaecKoro  poBim  pj m  pemeHHa  npaK- 
THMecKHX  3aaali  Mbi  BbiHyxgjeHbi  6wjih  po  HeaaBHero  BpeMeHH  3anycKaTb 
3HaHHTejibHo  6ojibmee  ancao  KA,  aeM  apyrHe  CTpaHH.  OaHaKO  3a  nocaea- 

HHe  roflbl  no  H3BCCTHBIM  HpHHHHaM  cJ)HHaHCOBO-3KOHOMHHeCKOrO  H  COHH- 
ajibHo-nojiHTHnecKoro  xapaKTepa  KoanaecTBO  exeroaHO  3anycKaeMbix  KA 
pe3Ko  coKpaTHJiocb  -  npHMepHo  b  ana  pa3a  no  cpaBHCHHio  c  kohhom  80-bix 
roaoB,  xotm  nacTiniHo  Taicoe  coKpameHHe  onpeaeaaeTca  h  aocTHrayrbiM 
yBejnrreHHeM  if)aKTHH  e c khx  CAC  KA,  h  6oaee  pauxioHajibHOH  cTpaTeraen 
3KcnjiyaTanHH  HaxoaamnxcM  Ha  opOnre  annapaTOB,  h  6ojiee  nojiHMM  hc- 
nojib30BaHHeM  Bcex  hx  pecypcor;.  B  CBH3H  c  sthm  aaabHeHinee  yBearrieHMe 
cpokOB  aKTHBHoro  cymecTBOBaH  hb  KA  paccMaTpHBaeTca  KaK  rjiaBHoe  Ha- 
npaBJieHHe  noBbimeHHfl  3(J}4>ckthbhocth  KOCMiraecKOH  tcxhhkh  h  KaK  oaHa 
H3  BaxcHenniHX  3aaan,  ctomihhx  nepea  pocchhckoh  kocmhhcckoh  npoMbim- 
JieHHOCTblO  B  COBpGMeHHblX  ycaoBHHX. 

YBeaEBieHHe  cpokob  aKTHBHoro  cymecTBOBaHHa  KA  OKa3biBaeT  mho- 
ronjiaHOBoe  BJiHanne  Ha  3(J>4>eKTHBHocTb  kocmhbcckoh  TexHHKH:  3a  caeT 
3Toro  oSecnenHBaeTca  pocT  bobmoxhoctch  peajiH3an;HH  kocmhhcckoh  npo- 
rpaMMbi,  pesyabTaTHBHocxH  npHMeHeHHH  kocmhhcckoh  tcxhhkh,  skoho- 
MHneCKOH  H  3KOJIOrHBeCKOH  ee  3(}xj)eKTHBIIOCTH  KOHKypeHTOCnOCoQHOCTH 
kocmhhcckhx  cpeacTB  Ha  BHyrpeHHeM  h  mhpobom  pbiHKax,  OcyinecTBJieHHe 
nepcneKTHBHbix  npoeKTOB  co3aaHH»  chctcm  cb»3H,  TeaeBeinaHHB,  HaSaio- 
aeHHa  3a  noBepxHocTbio  Scmjih,  naBHranHH,  cpeacTB  oTpaOoTKH  TexHoao- 
THH  npOH3BOflCTBa  MaTepHajIOB  B  KOCMOCe,  HCCJieaOBaHHe  KOCMH'ieCKOrO 
np o cTpaH CTBa  h  hcGcchlix  Tea,  pa3BepTbiBaHHe  op6HxajibHbix  rpynnnpoBOK 
hobwx  KocMHnecKHX  CHcxeM  h  iioaaepxaiiHe  HX  pa60T0Cn0C06H0CTH  c 
yneTOM  orpaHHHCHHbix  bo3Moxhoctch  npoH3BoacxBa  KA  h  paKeT- 
HOCHTeaeH  h  tcmiiob  hx  aanycica  bobmoxhm  ToabKO  npn  ycaoBHH  cyine- 
cTBeHHoro  yaynuicHHa  pecypci«.ix  XapaKTepHCTHK  kocmhhcckhx  annapaTOB 
no  cpaBHeHHio  c  aocTHi  HyTbiM  ypoBHeM,  a  Taicxe,  oaHOBpeMeHHO,  hx  ariep- 


HAh^jhmob 


reTH'iecKMX  h  MaccoBbix  xapaKTepHCTHK. 

npoSjieMa  noBbiineHHa  pecypca  KA  CTajia  o6beKTOM  bhh  Manna  3a- 
Ka3MHKa  KocMHBecKOH  xexHHKH.  npe/mpHaxHH  npoMbinmeHHocTH  H  opra- 
hob  rocyaapcTBeHiioro  ynpaBjieHHa  c  Havana  ceMHp,ecaxbix  ropoB.  Mcxoaa 
H3  pe3yjibTaTOB  pa6oT  paaa  MOKBe/ioMCXBeHHMX  komhcchh  6biJiH  pa3pa6o- 
xaHbi  ruiaHbi  MeponpHaxHH  no  oSecneaeiiHio  yBejiHHeHHa  cpokob  aKXHBHo- 
ro  cymecTBOBaHHH  HeKOTopbix  xnnoB  KocMHaecKHX  annapaTOB,  yjiyameHHa 
pecypcHbix  xapaiaepHCTHK  3JieKTpopaAHOH3flejiHH  (3PH)  h  MaxepnajioB, 
oTZiejibHbix  SopTOBbix  chcxcm  KA.  3xo  cnoco6cTBOBaj[o  aKTHBMHH  pa6ox 
b  yKa3aHHOM  HanpaBjieHHH,  b  pe3yjibTaTe  aero  3aaaBaeMbie  b  xexmraecKOM 
3aaaiTOH  h  (JrafcraaecKHe  CAC  KA  6mjih  noBbiuieHbi  b  cpejmeM  b  rbi\  pa3a 
3a  15  jieT.  OffHaKo  nojiHocxbio  jiHKBnzmpoBaxb  oTcxaBaHHe  oTeaecTBeHHbix 
KA  ot  jiyaninx  3apy6excHbix  aHajioroB  ao  Hacxoamero  BpeMeHH  He  yaajiocb. 

Corjiacuo  OeaepajibHOH  kocmhh e c koh  nporpaMMe  npepycMaxpHBaexca 
3HaM HTeji bHoe  (b  2-3  pa3a)  yBejinaeHHe  cpokob  aKTHBHoro  cymecxBOBaHHa 
nepcneKTHBHbix  KA.  no  cpaBHeHHio  c  HbmeiHHHM  ypoBHeM.  rapaHXHpoBaH- 
Hoe  oSecneaeraie  oroBopeHHbix  b  nporpaMMe  pecypcHbix  xapaicxep ii cthk 
KA,  hco6xozihmoc  jura  ee  ycneuiHOH  peajraxaHHM,  -  3xo  caoacHaa  h  xpyao- 
eMKaa  HayaHO-xexHHaecKaa  n  opraHH3aHHOHHaa  xaaaaa,  ann  pemeHHa  ko- 
poH  xpeSyexca  cHcxeMaxnaecKaa,  HejieHanpaBJieHHaa  h  cKoopaw HHpoBan- 
Haa  aeaxejibiiocxb  Bcex  yaacTHHKOB  pa3pa6oxKH,  npoH3BoacxBa,  HcnbixaHHH 
h  oKcnjiyaxanMM  KocMHiecKMX  annapaxoB. 

AHajiH3  noKa3aji,  axo  noBbimeHHe  CAC  nepcneKXHBHbix  Majibix  cnyx- 
hhkob  ao  yica3aHHoro  ypoBHa  boxmoxho  b  pe3yjibxaxe  npOBeaeHHa  kom- 
roieKca  pa6ox  no  xexHHaecKoMy,  opraHHiaHHOHHOMy  n  HOpMaxHBHOMy  Ha- 
npaBJieraiaM. 

OcHOBHbiMH  cjaxxHKO-xexHHa  ecKHMH  4>aKxopaMH,  onpeaejiaiomHMH 
ypoBeHb  CAC  Majibix  ciiyranKOB  b  uejioM  h  pecypcbi  ero  6opxoboh  annapa- 
xypbi,  aBjiaioxca: 

-  orpaHHHeHnaa  ctokkocxb  ax e  xxpop ann o n 3ae  jih h  h  MaxepHanoB,  nc- 
nojib3yeMbix  npn  co3jiaHMH  GopxoBOH  annapaxypbi  KA,  npn  BHemHeM  bo3- 
AencxBHH  Ha  Hero  4)aKxopoB  KocMHaecieoro  npocxpaHcxBa  (paanaHHH,  Ba- 
KyyMa  h  3JieKxpH3aHHH),  aeHCXBHH  coScxBeinioH  BiiyxpeHHeH  axMoccjiepbi 
KA  h  xa; 

-  He/iocraxoaHbie  y/iejTbHbie  3HeproMaccoBbie  xapaKxepHcxHKH  3PH, 
MaxepnajioB,  chcxcm,  npH6opOB,  arperaxoB; 

-  Hecxa6HabHOcxb  <J)H3HKo-MexaHHaecKHX  h  3HeprexnaecKHX  cbohcxb 
sjieMeHXOB  h  MaxepnajioB  KA  bo  BpeMeHH; 

-  npoxeKaHHe  $H3HKo-XHMHaecKHX  nponeccoB  (cxapeHHa,  H3HaiiiHBa~ 
HHa,  3MHCCHH,  Koppo3HH  h  x.n.),  npHBoaamHX  k  nocxeneHHOH  aerpapannH 
cbohcxb  sjieMenxoB  h  MaxepnajioB. 

B  npopecce  pa3pa6oxKH  h  ocBoeHHa  KjnoaeBbix  xexHOJiorHH 
o6ecneaeHHa  jwnxejibHbix  cpokob  aKXHBHoro  cymecxBOBaHHH  Majibix  koc¬ 
mhh  ectcnx  annapaxoB  npH  BbiaBJieHHH  xex  hx  sjieMenxoB,  aocxtDKeHHe  bm- 
cokhx  pecypcHbix  xapaKxepncxHK  Koxopbix  aBJiaexca  kphhhhhmm,  HeoSxo- 
HHMO  yanxbiBaxb  xaioKe  HayaHO-xexHHaecKHe  h  KOHcxpyKXHBHo- 
xexHOjioraaecKHe  cjiaKxopbi,  cBa3EHHbie  c  co3aaHHCM,  npoH3BopcxBOM  h 
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3KcruiyaTaUneH  KA  n,  b  3Haii nxejibHon  Mepe,  BJimnomne  Ha  ypOBeHb  CAC. 

K  TaKHM  4>aKTOpaM,  b  nepeyio  oaepczib,  othochtch. 

-  HeflocTaTOHHbie  nayir  ro-tcxhificckhh  3a^eji  n  oxpaGoxaHHoexb  Mexo- 
Aojiornn  co3flaHH3  KA  jxjihtcji bHoro  cJjyHKHHOHHpoBaima; 

HeCOBepineHCTBO  npHMeHHeMbIX  CXeMOXeXHHAeCKHX  H  KOHCXpyKXHBHO- 
TexHOJioriwecKHX  penieunn  b  iuiaHe  oGecneHeHHfl  ZUiHTejibHbix  CAC; 

orpaHHHemw  GopxoBbix  3anacoB  pacxoayeMbix  KOMnoHeHTOB 
(paQoHero  xejia  flY,  cncxeM  oxjia^eHHa  opneHxannn  n  cxaGnjinaaiinn  KA 
h  t.r.)  b  CB5I3H  c  HenocxaxoHHMMH  3HeproMaccora6apnxHbiMH  XapaKTepH- 
cTHKaMH  3JieMeHTHOH  6a3bi,  MaxepnajioB,  cncxeM,  yaJlOB  h  arperaTOB,  a 
xatoKe  orpaHHMeHHOH  MomHocxbio  cpc/icxB  BbiBejxeHHa, 

He  yflOBjiexBopiiioDJ,HE[  coBpeMeHHbiM  h  nepcneKXHBHWM  xpeGoBaHxiaM 
yposeHb  xexHojioraH  npon3BOflCXBa  h  ncnbixamiH  KocMnnecKon  xcxhhkh, 
Kyjibxypbi  npoH3BOflcxBa  (bjikhkhc  axoro  4>aicxopa  b  Hacxoumee  BpeMU 
3HaHHxejibHo  ycHJiMBaexcji); 

-  ocHameHHocxb  HMeiomeMca  3KcnepHMeHxajibHon  6a3bi,  He  flocxa- 
TOHHaa  fljia  npoBeneHna  nccjieflOBaHnn  KOMiuieKCHoro  h  AOJiroBpeMeHHoro 
BOlfleHCXBHa  BHeiHHHX  3KCnJiyaxaHHOHHbIX  4>aKXOpOB; 

-  HecoBepineHcxBo  MexoflOJionm  ohchkh.  ,  KOHXpojia  h  noffrBepxHeHira 
pecypca  3JieMeHXOB,  annapaxypbi  h  CAC  KA  b  HejioM; 

-  oxcyxcxBHe  anpoGnpoBaHHbix  mcxoahk  ycKoperntbix  pecypcHbix  nc- 
nwxaHHH  annapaxoB  ajm  noAXBepxcAeHHM  CAC  7-10  h  6ojiee  Jiex. 

TexHHHecKoe  HanpaBJieHHe  pa6ox  no  yBejiHMCHHio  CAC  Majiwx  cnyx- 
hhkob  cBA3aHO  c  BbipaGoTKOH  h  peannaannen  nporpeccHBHbix  npoeKXHo- 
KOHCXp^/KXOpCKHX  H  npOH3BOACXBeHHO-XeXHOJIorHHeCKHX  penieHnn  6opxo- 
Bbix  CHexeM,  npnfiopoB,  arperaxoB  h  annapaxa  b  nejioM,  coBepmeHCXBOBa- 
HHeM  xexHHaecKoro  ypoBHA  3jieKxpopaAHOH3AejiHH  h  MaxepHajioB, 
yjiynmeHHeM  pecypcHbix  xapaKxepncxHK  KJiioMeBbix,  HanGojiee  KpnxHAHbix  b 
axoM  OTHonieHHH  OopxoBbix  cncxeM  h  npnGopoB  (b  nepByio  oaepeAb,  nejie- 
boh  aniiapaxypbi,  cncxeM  sHepronnxaHna  op h e Hxaunn,  cxaGnjinsannH  n 

Ap.) 

KjiK)lieBbie  xexHojioraH,  ocBoeHHe  Koxopwx  no3BOji»ex  yBejinAHBaxb 
CAC  nepcneKXHBHbix  Majibix  cnyxHHKOB  paajiHHHbix  xnnoB  no  xpeGyeMbix 
3HaHeHHH,  onpefleaaioxcH  He  cxojibKo  xanaMH  annapaxoB,  CKOJibKO  ypoBHeM 
pa3BHXHA  AaHHbIX  xexHojioraH  eflHHCXBOM  HPHHHHHOB  <J>yHKHHOHHpOBaHHH 
KJIIOHeBbIX  SJieMeHXOB  KA,  oGlHHOCXblO  (JjHaHKO-XHMHHeCKHX  npoueccoB, 
npHBOAAiHHX  k  oxKa3aM  ero  GopxoBbix  cncxeM.  C  axon  xoakm  apenna  npaK- 
XHqecKH  Bee  GopxoBbie  cncxeMbi,  arperaxbi  h  ycxaxioBKH  KA  Moryx  6bixb 
KJiaccH^JHHHpoBanbi  cjieflytomHM  o6pa30M: 

-  onxiwecKHe  (onxnKO-MexaHiraecKHe)  cncxeMbi, 

-  ajieKxpoMexaHKraecKHe  cncxeMbi; 

-  paAHoajieKXpoHHbie  cncxeMbi  (b  xom  nncjie  GopxoBbie  HncfrpoBbie 
BbiHncjinxejibHbie  MainnHM); 

-  xHApoMexaHHAecKne  cncxeMbi; 

-  ajieKxpoaHeprexnMecKHe  cncxeMbi; 

-  ABnraxejibHbie  ycxaHOBKH; 
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-  MexaHKHeCKMe  CHCXCMbl  H  KOHCXpyKnHH. 

Bo  Bcex  ranax  nepenHCjieHHbix  cncxeM,  arperaxoB  h  ycTaHOBOK  HMe- 
k>tch  cooTBexcTByiomHe  KpHXHHHLie  no  pecypcy  h  cpoxaM  cjiyxcSw  ajieK- 
xpopan;KOH3/ieji  hh ,  KOMnjie  Kxyfomu  e  ajieMeHXbi,  koh  cxpyKnuoHHbi  e  h 
cjjyHKUHOHajibHbie  Maxepnajibi. 

B 03MOXCHOCXH  nosbimeHHfl  CAC  nepcneKXHBHon  KA  cBnsaHbi  c  hc- 
nojib30BaHH6M  cjienyioniHX  KmoneBbix  xexHOjiorHH. 

3jieKXpopa^noH3^ejiH5i,  KOMiuieKxyiomHe  sjreMeHXbi: 

-  pa3pa6oxKa  sneMeHxoB  HOBoro  noKojieHira,  Gasnpyioinuxca  Ha  hobmx 
tjnoHnecKHX  h  xexiiojiormecKHX  npHHnnnax,  oGecneHHBaioinHX  njiHxejib- 
Hbin  pecypc,  b  xom  HHCjie  ojieMeHTOB  annapaxypbi  HerepMexHHHoro  ncnoji- 
Hemra  (ncnojib30BaHne  XBepzioxejibHon  xexHOjioran,  coa/ianne  3jieM6HXHon 
6a3bi  ima  pexpaHcjwnnoHHbix  KOMnjieKcoB  MHJUiHMexpoBoro  nnanaioHa 
juiuh  bojih,  pa3pa6oxKa  cxohkhx  BbicoKoxeMnepaxypHbix  naxxHKOB  (J)H- 
3prqecKHX  Bejunmn  h  up.); 

-  o6ecneiieHne  pa/mannoiiHon  cxohkocxh  ajieMeHXHon  6a3bi  nyxeM 
paapaGoxKH  pa^nannoHHO-cxonKHX  3PM,  BHe/ipcHH>i  koh  cxpyKXHBHO- 
xexHOJiomnecKHX  pemeiiMH  no  hx  3ainHxe  ox  BHeniHnx  B03neHCXByK>niHX 
4>aKXOpoB; 

-  oxGpaKOBOHHbie  ncnbixaHna  3PH,  nx  nHaraocxHnecKHH  Hepa3py- 
maiomnn  KOHxpo.Tib  b  cneiiHajiH3HpoBaHHbix  ncnbixaxejibHbix  xexHunecKnx 
peHxpax; 

-  3Kcnjiyaxau;HH  sjieMeHxoB  b  oGjiemeHHOM  pexcHMe  (no  Harpy3KaM  n 
napaMexpaM  oKpyxcaiomeH  Cpe^bi),  coaaaHne  KOMcJjopxHbix  ycjioBHH  nx 
npHMeHemra. 

Maxepnajibi  h  noKpwxnn: 

-  pa3pa6oxKa  hobwx  MaxepHajioB,  coxparonoinHX  cjiyHKHHOHajibHbie 
xapaKxepncxHKH  b  ycjioBHxrx  B03fleHCXBHfl  Ha  hhx  cjiaKXOpoB  KocMHxecKoro 
npoexpaHCXBa  h  co6cxb6hhoh  axMoccJjepw  KA  (xepMoperyjinpyioinHX  no- 
KpbixHH  co  cxaGnjibHbiMH  xapaKxepncxHKaMH;  HOBoro  KJiacca  pe3HH,  Bbico¬ 
KoxeMnepaxypHbix  XBepflblX  CMH30LIHbIX  nOKpblXHHJ  HOBbIX  MaXepHaJIOB  flJIH 
co3flaHHB  nepcneKXHBHbix  (JioxosjieKxpimecKHX  h  xepMosjieKXpHnecKHX 
npeo5pa30Baxejieii  Ha  ocnoBe  c/roxcHbix  nojiynpoBcyiHHKOB;  HOBbix  bhuob 
nopncxbix  H  BOJIOKHHCXbIX  MaXepHaJIOB  SJieKXpOAHbIX  SJieMeHXOB  XH- 
MHXeCKHX  HCXOHHHKOB  XOKa  H  X.fl.); 

-  pa3pa6oxKa  cxa6HJiH3HpyKMiiHX  aoSaBOK,  oSecnenHBaioinHX  coxpaHe- 
Hne  cbohcxb  xon.iHB  flBHraxejibHbix  ycxaHOBOK  KA  b  xeneime  flJinxejibHoro 
BpeMenn; 

-  co3flaime  cxch/iob  ajim  KOMnjieKCHoro  HccjienoBaHHfl  h  oneHKH 
CXOHKOCXH  MaXepHaJIOB  H  nOKpbIXHH  npH  /UIHXCJIbHOM  B03/I,e HCXBHH  Ha  HHX 
<£aKxopOB  KocMbPiecKoro  npocxpancxBa. 

OlIXHKO-MexaHHHeKHC  CHCTCMbi: 

-  pa3pa6oxKa  pa^HanHOHHO-cxoHKHX  peBepcHBHbix  HocnxejieH  H3o6- 
paxceHHH  c  bbicokhm  pa3pemeHHeM  h  noBbiineHHbiM  pecypcoM; 
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C03aaHHe  yCTpOHCTB  CHMTblBaHHM  HHCjlOpMaUHH  C  peBepCHBHbIX  HOCH- 
Tejie  h  cHCTeM  o6pa6oTKH  (cxaTHA) ,  HaKOiuieHHfi  n  nepeAann  n  ncjbo  p  m annn 
no  pa^noKaHajiy 

-  pa3pa6oTKa  cncTeM  oahctkh  n  BOccTaHOBjieHJM  oirranecKHX  noBepx- 
HocTen  (sto  KacaercM  n  oiithmcckhx  ajieMeHTOB  onTHKO-oji etapoimbix  cn- 
CTeM). 

OnTHKo-ajieKTpoiiHbie  cncreMW,  Bxozwmne  b  cocTaB  cpencTB  rnapo- 
MeTeopojiornnecKoro  h  rconeaMnecKoro  oSecneneHim,  a  Taioxe  chctcm 
ynpaBjieHHH  ABnxeHneM,  opneHTannn  n  CTa6HAH3annn  npaKranecKH  Bcex 
TnnoB  KA: 

npHMeHCHHe  cnennajibHbix  mnpoKO(J)opMaTHbix  cf>o- 
TonyBCTBHTejibHbix  MaTpnn; 

-  co3AaHne  onTMKo-aneKTpoHHbix  CHCTeM  c  6e3MHepnnoHHbiM  ajiex- 
tpohhwm  nepeHau,ejiHBaHHeM; 

paapaSoTKa  6e3pacxoAHbix  KpnoreHHbix  ycTponcTB  oxnaacAemui  anna- 
paTypbi  c  3aMKHyTbiM  miKjioM; 

-  coiaanne  SecnpnBOAHbix  niHpoKonojibHbix  AarnnKOB  opneHTannn 

KA; 

-  ycTaHOBKa  npnGopoB  opneHTannn  KA  b  30Hax,  HanMeHee  noABep- 
xceHHbix  B03flencTBHio  ero  coGctbchhoh  aTMOctjjepbi; 

-  pa3pa6oTKa  GecmiaTcjjopMeHHbix  KOMan/mbix  npnSopoB  (jia3epHbix  n 
BOjioKOHHo-onTnnecKHX  H3Mepmejien  BeKTopa  yrjioBon  ckopocth). 

3jieKTpoMexaHHHecKne  chctcmm  (npHBOAbi,  noBoporabie  ycrponcTBa, 
rnponpnGopbi  n  t.a.): 

-  noBbnneHne  pecypcHbix  xapaKTepncTHK  ojieKipoMexaHnnecKnx  ycT- 
poneTB,  o6ecneiiHBaiomnx  cKaHHpoBaHne  n  riepeHaneanBanne  cnenannapa- 
Typbi,  pa3BopoT  aHTeHHax  ycTponcTB,  noBopoTbi  cojiHeHHbix  SaTapen; 

-  co3flaHne  n  ncnojib30BaHne  GecKOHTaKTHbix  an  eKTpoABnraTeji  en  /uia 
cncTeM  TepMoperynnpoBaHHfl  n  rnpoMOTopoB; 

-  -  pa3pa6oTK.a  inapHKonoAninnHHKOBbix  y3jioB  rnpocKonoB  co  cxeMon 
noannTicn  cMa3Kon,  a  Taioxe  rnpocKonnnecKHX  H3MepHTenen  BeKTopa  yrao- 
boh  ckopocth  KA  n  chjiobmx  rnpocKonoB  Ha  ajieKTpoMarHHTHOM  noABece; 

-  BHeApeHne  SeapacxoAHbix  MaranTHbix  cncTeM  c6poca  KHHeTiroecKoro 
MOMeHTa,  HMeioinnx  AAHreAbHbin  pecypc. 

Pa1AH03AeKTpoHHan  annapaTypa: 

-  pa3pa6oTKa  npneMo-nepeAaioineH  annapaTypbi  c  AJinTejibHbiM  pecyp- 

com; 

-  pa3pa6oTKa  TBepAOTeAbHbix  ycnAHTeAen  moliihocth  b  Anana30He  ot 

0.5  ao  60  rrp; 

-  co3AaHne  BbicoKOpecypcHbix  n  BbicoKOCTaSnAbHbix  cpeACTB  koopah- 
Hara o -  Bp eM eHHoro  oGecneaeH  na; 

paspaGoTKa  aHTeHHbix  cncreM  c  6e3HHepnnoHHbiM  ajieKTpoHHbiM  ne- 
peHaneAHBaHneM; 

-  co3AaHne  6 bicTponen cTBytomnx  3AeKTpoHHbix  HaKorarrenen  nnc^po- 
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BOH  HHCf)OpMail,HH  CTaTHHeCKOTO  THna. 


CHCTeMW  SHCprOIIHTaHHH : 

-  pa3pa6oTKa  h  BHe/ipeHne  panHanMOHHo-cTOHKHX  cojmeHHbix  GaTapeii 
c  HH3KOH  cTeneHbio  zterpaaaHHH  h  bmcokhmh  yaejibHbiMH  3hc  proMaco blimh 
xapaKTepHCTHKaMH ; 

-  co3#aHHe  cojiHeHHbix  aHepreTETiecKHX  ycTaHOBOK  c  KOHHeHxpaTopa- 
mh  cojTHeHHOH  sHepran; 

-  npHMeHeHHe  3(J)c|)ckxhbhmx  3amHTHbix  noKpbiTHH  CGJiHeHHbix  Gaxa- 
peft  flJM  nOBbllHCHHH  HX  paflHaHHOHHOH  ctohkocth; 

-  pa3pa6oTKa  cj)oronpeo6pa30BaTejieH  Ha  6a3e  hobbix  nojiynpoBO^HH- 
KOBbix  MaTepHajioB  (apceHH^a,  rajuiHfl,  4)oc<J>H^a  hhdhh,  aMopc[)Horo  KpeM- 
hiw); 

-  Hcnojib30BaHHe  XHMHHecKHX  hctohhhkob  TOKa  Ha  ocHOBe  nepcneK- 
THBHMX  3JieKTpOXHMHHeCKHX  CHCT6M  ( HHKejIb-  BO/I,OpO/l)  C  nOBbllHeHHbIMH 
3HaH6HHHMH  eMKOCTH,  yaCJTbHOM  SHepTHH  H  HHCJIOM  HHKJIOB  3apHiI,-r5apMXl  , 

-  Hcnojib30BaHHe  BHyTpeHHeH  xjHaraocTHKH  annapaTypbi  peryjiHpoBa- 
HH5I  H  KOHTpOJIH. 

J^BHraTejibHbie  ycTaHOBKH: 

-  co3flaHHe  cxaHHOHapiibix  DJia3M6HHbix  ziBHraiejieH  h  sjieKTpopeaK- 
THBHblX  /IBMraTejIbHbIX  yCTaHOBOK  C  jyiHTejIbHblM  pecypCOM. 

Ha  ypoBPie  KA  b  ipejioM  i  oryr  HcnojiMOBaTbca  caeayiomne  KjnoaeBbie 
TexHOjioraH  noBbimeHHa  CAC; 

-  yBejIMBCHHC  BblCOTM  OpGHTbl  HH3KOOp6HTajIbHbIX  KA,  IIOBblllieHHe 
TOHHOCTH  OTpaSoTKH  KOppCKTHpyK5IIIHX  HMIiyjIbCOB,  BTO  IIpHBO/IHT  K 
yMeHbixieHHio  pacxo^a  GopTOBbix  3anacoB  paGoqero  Tejia; 

-  Bbi6op  pa6oxiHX  op6ht,  HaHMeHee  noxiBepxciiHbix  pa/manHOHHbiM 

B03fleHCTBHHM; 

-  MHKpoMHHHaTiopHsaHHH  npn6opOB,  y3jioB,  arperaxoB,  ajieMeHTHOH 
6<l3i)I  * 

-  npocKTHpoBaHHe  KA  c  yxeTOM  ero  Ha/iexci  iocth  noKaaaTejieH  (CAC) 
npH  o6ocHOBaHHH  npoeKTHo-6ajuiHCTHHecKHX  napaMeTpoB,  cxeMOTex- 
HHHeCKHX  H  KOCTpyKTHBHO-TeXHQJIOTHHeCKHX  peiHeHHH,  KOHCTpyKTHBIIOH 
H36bITOBHOCTH; 

-  CHHXCeHHe  KpHTHHHOCTH  0TKa30B  HeflOCTaTOHHO  HaflOKHbIX  3JieMeH- 
TOB  Ha  OCHOBe  aHaJIH3a  BHflOB  H  nOCJie/pCTBHH  B03M0)KHbIX  0TKa30B; 

-  Hcnojib30BaHHe  pecypcocGeperaioiiiHX  TexHOJiorHH,  coKpameHHe  Zio 
MHHHMyMa  KOjTHBecTBa  flBHXcyiHHXCH  yx/roB  h  aexajien,  npHMeHeHHe  sjieK- 
TpOHHblX  H  3JI eKTpOMCXaHHH eCKHX  yCTpOHCTB  BMeCTO  MexaHHHeCKHX,  HC- 
nojib30BaHHe  TeiwoBbix  rpy6  b  cncTeMe  TepMoperyjiHpoBaHHH,  rnflpoGjioKOB 
Ha  ocHOBe  yjibTpasByKOBbix  HacocoB,  GecKomaKTHbix  3Ji e KTp o/iBHraTe ji e ft , 
ra30-  h  rnupo/iHHaMHaecKHX  onop  b  rHponpnGopax  h  t.#.; 

-  oGecnenenHe  ctohkocth  Goptoboh  annapaiypbi  npH  puiHTejibiioM 
B03ffeHCTBHH  Ha  nee  (JjaKTopoB  KocMHMecKoro  npocTpaHCTBa  (npHMeHeHHe 
paflHaiiHOHHO-cTOHKOH  sxteMeHTHOH  Ga3bi  h  MarepnajioB,  ycTaHOBKa  nac- 
CHBHOH  3amHTbI,  paHHOHajT bHa«  KOMnOHOBKa  H  flp.)j 
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-  xeopexnnecKoe  h  3  k  c  n  e  p  hm  e  hxbji  bho  e  H3yneHHe  MexaHH3Ma  B03,n,eH- 
cxbhh  paajiK^Htrx  cJjaKXopoB  KocMHHecKoro  npocxpaHcxBa  h  H3jiyaeHHH 
pa3Hfaix  BHflOB  Ha  9 PH,  no.aHMepHi.ie  Maxepnajibi  h  noKpMXHH; 

-  pa3pa6oxKa  cxeMoxexHH'iecKiix  h  KOHCxpyKXHBHo-xexHOjioraxecKHX 
peineHHH  y3JioB  h  npnftopoB  aBxoMaxH3HpoBaHHbix  cncxeM  kohxpojih  xex- 
mrxecKoro  cocxohhhh  SopxoBoft  annapaxypbi; 

-  onpejiejieHMe  cnoco6oB  coxpaHeHHH  repMexH'iHOcxn  KA  npH  #jih- 
xejibHbix  CAC  (b  cjiyxae  repMexinmoro  HcnojmeHHH  annapaxa  b  nejioM  hjih 
ox^ejibHbix  ero  oxceKOB)  h  BbicoiconyBcxBHxejibHbix  MexoaoB  ee  kohxpojih; 

-  Kccjie/iOBaHMe  npoSjieM  pa3MepHOH  HecxaSnjibHocxH  nexajien  h  c6o- 
poxHbix  eziHHMn  h  ee  bjihhhhh  Ha  HafleacHocxb  h  xonHocxHbie  xapaxxepn- 
cxhkh  npnSopOB  b  nponecce  hx  HaxypHOH  3KcnjiyaxaiiHM; 

-  pa3pa6oxKa  h  bhc/ipchhc  mcxojihkh  npeunojiexHon  pajin anno hhoh 
xpeHnpoBKH  annapaxypbi  c  nejibio  noBbinieHHH  ee  HanexcHocxH  b  ycjioBMHX 
B03ZieHCXBHX[  cJjaKXOpOB  KOCMHHeCKOrO  npOCXpaHCXBa. 

OpraHH3an;HOHHoe  HanpamieHHe  pa6ox  cBHiano  c  neoGxojinMocxbK) 
nonaepxaHHii  flocxHrayxoro  ypoBHH  HaneacHoexH  KA  b  coBpeMeHHbix  ycjio- 
bhhx,  coBepuieHcxBOBaHHH  cHcxeMbi  oSecneneHHH  Ha/iexcHocxxr  koc- 
MHnecKOH  xexHHKH,  nopHjiKa  ee  co3jiaHHH  h  nocxaBOK  c  ynexoM  xpeSoBa- 
hhh  ^ocxHxeHHH  fljiHxejibHoro  CAC  KA,  BiienpeHHH  cepxHcjniKairHM  koc- 
MHnecKHX  annapaxoB  h  hx  npoM3BojicxBa,  ninpoKoro  npHMeHeHHH  cxpaxe- 
raaecKHX  annapaxoB  h  hx  npoH3BOflcxBa,  uiHpoKoro  npHMeHeHHH  cxpaxerHH 
3KcnjiyaxaiiHH  KA  b  nojiexe  c  ynexoM  ero  xexmraecKoro  cocxohhhh. 

B  HH(J)opManHOHHOM  HanpaBJieHHH  npejiyciviaxpHBafoxcH  co3flaHHe 
6aHKOB  naHHbix,  HeoSxojiHMbix  jyiH  peineHHH  xananH  oSecnenemiH  jum- 
xejibHoro  pecypca  KocMHHecKHx  annapaxoB  (HanpHMep  o  xnnoBbix  oxKa3ax 
nerpaaanHOHHoro  xapaKxepa,  KOHCxpyKXHBHO-xexHOjiorHnecKHX  pemeHHHX, 
no3BojiHK)iu;HX  flofiHXbcx  yBejiHneHHH  pecypca  KA,  ero  KpHXHHHbix  ajieMeH- 
xax  h  rip.),  a  xaioxe  o6o6ineHHe  h  pacnpocxpaHeHHe  onbixa  pa6ox  b  axon 
oGjiacxn. 

B  3KOHOMHHeCKOM  HanpaBJieHHH  Heo6xOHHMO  BHeApeHHe  MeXOJIOB 
ynpaBJieHHH  paGoxaMH,  o6ecnetniBaioiiiHX  sKOHOMMiecKyio  3aHHxepecoBaH- 
Hocxb  pa3pa6oxxHKOB  h  H3roxoBHxejieH  KocMHaecKxix  annapaxoB,  a  xaiace 
opraHH3an;HH,  3KcnjiyaxHpyioin;HX  KocMHHecKyio  xexiiHKy,  b  noBbimeHH  pe- 
cypcribix  xapaKxepHcxHK  KA. 

HopMaxHBHoe  HanpaBjieHHe  CBH3aHo  c  pa3pa6oxKOH  hobmx  h  coBep- 
nieHcxBOBaHHeM  neiicxByiomHX  HopMaxHBHO-xexHJHiecKHX  h  cnpaBom  ibix 
HOKyMeHXOB  no  yKa3aHHbiM  Bbime  HanpaBjieHHHM  pa6ox. 

C  ynexoM  oco6oh  BaxcHocxH  h  cjioxhocxh  3a/ia'iH  noBbiineHHH  pe- 
cypcHbix  xapaKxepHcxHK  kocmhhcckoh  xexHHKH,  a  xaote  HeoSxonHMoexH 
KOOpUHHailHH  npOBOflHMblX  B  3XOM  HanpaBJieHHH  pa6oX,  BblpaSoXKH  060c- 
HOBaHHOH  HayHHo-xexHHMecKOH  nojiHXHKH  b  paccMaxpHBaeMOH  o6jiacxn  H 
peKOMeHZiaiiHH  o  nyxnx  peineHHH  BbiHBJieHHbix  npo6jieM  oceHbio  1992r.  b 
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-  pa3pa6oTKa  KA  b  HerepMexHHHOM  HcnojmeHHH  c  oSecneaenneM  xpe- 
SyeMoro  TeiuioBoro  peacnxia  3a  cnex  KOHTaKTHoro  h  paanannoHHoro  xenao- 
oSMeHa; 

-  yBejnraeHHe  o6x.eMOB  h  yxcecxoaeHne  peacHMOB  ncnbixaHnii  KA  zyiii 
BbmBJierraa  CKpbixbix  aecJieicxoB  raySnHHoro  xapaKxepa. 

PemeHHio  paccMaxpnBaeMoifc  3aaariH  cnoco6cxByex  ncnoab30BaHne 
nporpeccHBHbix  xexHoaoraii  nxrox obji ei ina  KA  h  xnnoBbix  KOHcxpyKXHBHo- 
xexHoaornaecKHX  pemeHPiH,  opueHTHpoBaHHbix  Ha  yBeapraenne  CAC.  K 
HHM  othochtch: 

-  nepcneKTHBHbie  xexHoaornn  H3roTOBjieHHc  tohhwx  3aroTOBOK, 
cBepxiuiacTHHHoro  aecjiopMHpoBaHiiii  h  an(J)(i)y3H0HHoro  cpamHBaHHa  MaTe- 
pHanoB; 

-  cneuHajibHbie  TexHoaoran  Jia3epHOH  6ecKOHxaicxHOH  aecpeierocKO- 

nnn; 

-  aBTOMaTxnaHHH  ochobhmx  onepannn  xexHoaoraaecKnx  npou,eccoB, 
npHMeHeHHe  aBTOMaTH3HpoBaH Horo  xexHoaonraecKoro  o6opyu;oBaHH>i,  ra- 
paHTnpyiomero  xpeSyeMoe  KaaecxBO  iiponaBoacxBa  h  KOHxpoaa  MoixxaxHbix 
pa6oT; 

-  HCKjnoxieHHe  cBapnbix  iiibob  b  Han6oaee  HanpaxceHHbix  MecTax  koh- 
cTpyKHHH; 

0  HOBbie  CnOCo6bI  COHaeHeHPW  KOHCXpyKXHBHbIX  3JieMeHTOB,  HTO 
oSecnenHBaex  noayneHHe  coenPiHeHHH  co  cBOHCTBaMH,  6jih3KHMH  k 
cBoficTBaM  ocHOBHoro  MaTepHajia. 

HayqHo-MCTOAMHecKoe  HanpaBJieime  Kacaexca  peineHHH  npo6aeM 
oSecneneHira  aaKTeabHoro  cjiy  hkhho  HPip  OBan pm  KA  b  KoeMoce:  nccaeaoBa- 
hha  nponojDKHTexbHoro  Eso3aeHCXBHH  Ha  annapax  aiccnayaxaipioHHbix  4>aK- 
TopoB  h  Bbi3BaHHOH  3THM  aerpaaaijHH  cbohctb  ero  3JieMeHTOB  h  Maxepna- 
jiob  oijeHKH  h  noflTBepxcfleHHH  pecypca  KocMnnecKPix  annapaTOB,  npoBeae- 
hhh  hx  cneHHajibHbix  HcnbixaHiin,  KOHxpoaa  h  nporH03HpoBaHiw  pecypca 
KA  b  riepnoa  ero  opSuxaabHoro  nojieTa. 

OcHOBHbIMH  M ep O npHHXH»MPI  b  paiiHOM  HaripaBJieHHH  HBamoxca: 

-  nccnenoBaiina  Bawnma  peajibHbix  ycaoBHH  3KcnjiyaTaiLHH  KA 
(xeMHepaTypHblX  H  SJieKTpHHCCKHX  peXCHMOB,  flJIIIXejIbHOrO  B03B,eHCXBHa 
HOHH3HpyiomHX  H3ayaeHMH  hpi3koh  mhxchcpibhocxh)  h  ycxoix'iMBOcxH  ero 
annapaxypbi  k  c6omm,  oSycaoBaeHHbiM  nponeccaMM  3apaaa  ansaeK- 
xpiwecKHX  cxpyKxyp; 

-  pa3pa6oxKa  mcxozihk  pacaexa  jioKajibHbix  ypoBHen  paanaimn  c 
ynexoM  pea/ibHOH  komhopiobkh  nsaeann  h  CHCTeMbi, 

-  pa3pa6oxKa  cJ)H3PiKo-MaTeMaxpiqecKHX  Moaeaen  3aeKXpH3annH  KA 
1  pacaexoB  KOHKpexHbix  annapaxoB,  aaranKOBon  annapaxypbi  aaa  onpe- 

aeaeHira  napaMexpoB  nx  aaeKXpnaannH,  MexoaoB  n  annapaxypbi  Ban  ncnbi- 
xaHMH  SopxoBon  annapaxypbi  n  KA  b  neaoM  Ha  saeKxppnannoHHyio  cxon- 
Kocxb  b  cxeHfloBbix  ycjXOBPiax; 

-  onpeaeaeHHe  Tnna  nporaocxpmecKHX  Moaeaen,  aocxaxonno  noaHO 
oxpaacaiomnx  aerpaflaLWOHHbie  nponeccw  b  annapaxype,  ripHEoaninne  k 
noxepe  ee  pa6oxocnoco6xiocxH; 
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cocTaBe  HayaHO-TexHimecKoro  coBeTa  PoccHHCKoro  KocMnnecKoro 
areHTCTBa  (PKA)  6liji  o6pa30BaH  coBerno  npoOjieMaM  yBejiHneHHH  cpokob 
aKTHBHoro  cymecTBOBaHira  kocmh'icckhx  annapaTOB,  noBbimeHHH  pecypca 
paSoTbi  hx  cHCTeM  h  arperaTOB.  3tot  npoOneMHbiH  coBe  cl^yHKHHOH h  pyeT 
Ha  6a3e  L1HHM  MauiMHocipoeHiM. 

/leaTejibHocTb  npo6jieMHoro  coBeTa  HauejieHa  Ha  aHajiH3  bobmojkho- 
CTeH  yBejIHHCHHH  CpOKOB  aKTHBHoro  CymeCTBOBaFIHB  nepcneKTHBHbIX  H 
3KcriJiyaTHpyeMbix  kocmhbcckhx  annapaTOB,  noBbiuieHHH  pecypca  paOoTbi 
nx  CHCTeM  h  arperaTOB;  onpe/iejicHHe  nyren  peineHHH  BbiHBJieHHbix  npo- 
6jieM  H  peaJTH3anHH  oGoCHOBaHHOH  HayHHO-TeXHHHeCKOH  nOJIHTHKH  b  pac- 
cMaTpHBaeMOH  o6jiacTii;  (JjopMHpoBaHHe  npezuToxeiinH  b  OepepaAbHyio 
KocMHHecKyio  nporpaMMy,  KacaioinnxcA  yBejiiroeHHH  CAC  KA;  BHeppcHHe 
HOBeHIHHX  ZlOCTHXCeHHH  HayKH  H  TeXHHKH  npH  pemeHHH  nOCTaBJieHHbIX 
3apaii;  BbipaSoTKy  peKOMeHpaHHH  no  KoopAHHamiH  pa6oT  b  stom  HanpaB- 
JieHHH. 

3a  5  JieT  c  Hanajia  peHTejibHOCTH  coBeTa  6buio  npoBepeHo  18  ero  3ace- 
flaHHH,  Ha  KOTOpbix  6biJiH  paccMOTpeHbi  HanGojiee  aKTyajibHbie  b  HacTomnee 
BpeMH  Bonpocw  no  ynoMHHyroH  TeMaTHKe  h  Bbipa6oTaHbi  npaKranecKHe 
peKOMeH^anHH  no  hx  peineHHio.  Cpepn  TaKHX  BonpocoB  -  npoSjieMbi  h  ny- 
th  yBejiHHeHHH  pecypca  3JieKTpopapHOH3flejiHH  pjia  oSecneneHHB  cpokob 
aKTHBHoro  cymecTBOBaHHH  KocMHBiecKHX  annapaTOB  po  10  JieT  h  KOMnueK- 
TOBaHHa  annapaTypw  KA  AJiHTeJibHoro  cjjyHKnHOHHpoBaHHH  BbicoKOHapexc- 
hoh  sjieMeHTHOH  6a3on;  nyra  noBbnneHHJi  cpokob  cjiyxcObi  MaTepnajioB  h 
noKpbiTHii  pjih  oOecneneHHH  CAC  KA  7-10  h  6ojiee  JieT;  HanpaBJieHira  co- 
BepineHCTBOBaHHH  HopMaraBHoro  oSecneneHira  nponecca  coapaHHa,  npoH3- 
BopcTBa.  h  3KcnjiyaTariHH  KA  pjiHTejibHoro  cjjyHKHHOHHpoBaHHa;  pa3pa6oT- 
Ka  nporpaMMbi  oOecneaeroifl  Sojibinnx  pecypcoB  SopTOBOH  annapaTypbi 
(cpepcTB  6opTOBOH  SHepreTHKH,  pBHraTejien  Majion  rara)  h  OTpejibHbix  th- 
noB  KocMHnecKHX  annapaTOB  (opSHTajibHbix  nnjioTHpyeMbix  cTaHiiHH,  Ka 
PHCTaHHHOHHOrO  30HAH pOBaHHH  3eMJTH)  H  Ap.. 

Ectb  ocHOBaHHB  nojiaraTb,  hto  nejieHanpaBjieHHbie  paSoTbi  no  ot- 
MeneHHbiM  Bbiine  ochobhwm  HanpaBjieiTHHM,  KooppHHHpyeMbie  npoOjieM- 
HbiM  coBeTOM,  6ynyr  cnocoScTBOBaTb  peinenHK)  BaxcneHinHX  3apan  aocth- 
xceHHH  MHpoBoro  ypoBHH  pecypcHbix  xapaKTepHCTHK.  h  peajiH3anHH  CDepe- 
pajibHoii  KocMHnecKOH  nporpaMMbi. 
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HcTOpHHecicaa  poAb  Pocchh  b  craHOBAeHHH  h  pa3BHTHH  xeopexHHecKOH  h  npH- 
icnaAHOH  kocmohabthkh  npH3HAHa  bo  BceM  MHpe.  3anycK  nepBoro  HCKyccTBeHHoro 
cnyTHHKa,  nepBbiH  nojier  nenoBeKa  b  kocmoc,  aKcnAyaxanna  yHHKajibHbix  abxomaxh- 
necKHX  KOCMHnecKHx  KOMiuieKCOB,  coaAaHHe  h  A-aHTejlbHas  SKcnjiyaTauna  opouxaAb- 
Hbix  CT3.HLIHH,  a  TaKAce  ycneiiiHaa  peajiH3auHK  MHornx  Apyrtix  paKeTHbix  h  kocmhhc- 
ckhx  nporpaMM  OTKpbiBaiOT  HiHpOKHe  nepcneKTHBbi  nepeA  HeAOBenecxBOM  He  xoAbKO  b 
nAaHe  ocbochha  kocmhacckotc)  npocxpaHCXBa  h  h  c  no  a  b3  o  b  ah  ha  kocmhhcckoh  Aea- 
TeAbHoexH  b  HHxepecax  HeAOBeHecxBa,  ho  h  b  nAaHe  obaaachha  hcaobckom  kocmhhc- 
CKHM  MHp0B033peHHeM,  HOHUMaHHCM  OXBexCXBeHHOCXH  HeAOBeKa  nepeA  o6ui,eCXBOM, 

nepeA  oicpyAcaromeM  cpepoH,  nepeA  GynymHMH  noKOAeHHAMH. 

KoCMOHaBXHKa  HHHHHHpyeX  UIHpOKHH  CneKTp  4)yHAaMeHXaAbHbIX  H  npHKAAA" 
Hbix  HCCAeAOBaHHH,  a  XaKACe  HCCAeAOBaHHA  TAOGaAbHblX  HanpABAeHHH  3BOAK)U,HH  HH- 
BHAH3anHH,  nocxpoeHHH  MOACJiew  pa3BHXHM  GyAymcro  HCAOBCHecxBa  h  OKpyjKaiomen 
cpeAbi,  HacAeAOBaHHa  nyren  pa3BHXHH  sHeprexHHecKnx  m  HH^opMauHOHUbix  cncxeM. 
3thm  oha  o6ecneHHBaex  nporpeccHBHoe  pa3BHxne  HayHHo-xexHHHecKoro  noxeHpHaAa 
oGmecxea. 

riacxoaiAHH  axan  pa3BHXHA  paKexHO-KOCMHnecKOH  xexHHKH  xapaKxepH3yexca 
xpeSoBa.HHAMH  pe3Koro  noBbiuienHS  HayHHo-xexHHHecKoro  ypoBHA  h  KOHKypeHxocno- 
coGhocxh  pa3pa6oxoK,  coeepmeHCxsoBaHHa  opraHH3anHH  h  ynpaBAemia  hobmmh  pa3- 
paSoxKaMH,  BHeApeHHH  mcxoaob,  oSecrieHHBaioiAHx  3HannxeAbHoe  noBbimeHHe  peAe- 
BOH  H  3KOHOMHHeCKOH  SC^eKXHBHOCXH.  PaCIUHpHICmeeCA  MOKAyiiapOAHOC  COXpyAHH- 
qecxBO  h  KOHxpaKxw  c  3apy6eACHbiMH  cxpaHaMH,  xpeGyroinne  cnepH<|)HHHOH  noAroxoB- 
kh  h  nepenoAroxoBKH  kaapob. 

C  Apyron  cxopoHbi,  HCAOcxaxoHHbie  KOMnexeuxHOCXb  HaceAeHHH  cxpaHbi  b  bo- 
npocax,  CBJBAHHblX  C  XeopeXKHeCKHMH  OCHOBAMH  H  npAKXHHeCKHMH  npHAOACeHHAMH 
KOCMOHABXHKH,  a  XaK>Ke  HH(|)OpMHpOBaHHOCXb  HaCeAeHHA  cxpaHbi  O  AOCTHvKCHHAX  h 
nAaHax  opraHH3apHH  paicexHO-KOCMnnecKOH  oxpacAH  He  xoAbKO  He  cn  o  co  6  ctb  y  i  ot 
npnxoKy  moaoacach  Ha  npeAnpHAXHA,  ho  h  Bbi3biBatox  y  Hexoxopbix  comhchhc  b  ueAC- 
cooGpasHocxH  kocmhhcckoh  AcaxeAbHocxH  b  Pocchh. 

KocMHnecKoe  o6pa30BaHHe  (KO)  —  sxo  uihpokhh  cneKxp  BoenHxaxeAbHo- 
o6pa30BaxeAbHon  AeaxeAbnocxH,  oGecnenHBaioiAeH  noAyneHHe  3HaHHH,  HeoGxoAHMbix 
AAA  0C03HaHHA  pOAH  H  MeCTa  HeAOBeKa  B  OCBOeHHH  KOCMOCa,  B3AHMOCBA3H  MOKAy 
3eMHbIMH  H  KOCMHHeCKHMH  ABAeHHAMH,  nOHHMaHHA  3HaHCHHA  H  pOAH  KOCMHHeCKHX 
HCCAeAOBaHHH  H  npaKXHHCCKOH  KOCMOHaBXHKH  B  JKH3HH  HeAOBCHeCXBa,  ripaKXHHecKoro 
HCn0Ab30BaHHH  AOCXH5KCHHH  KOCMOHaBXHKH  B  p33AHHHbIX  oGaACXHX  HayKH  H  3KOHO- 
MHKH,  OBAAACHHA  npO(j)eCCHAMH  KOCMHHeCKOrO  npO(J)HAH,  BbipaGoTKH  pA3yMHOH  nOAH- 
XHKH  B  06AaCXH  KOCMHHeCKOM  ACAXCAbllOCXH. 

B  nocAeAHHe  roAti  b  mhpobom  cooSmecTBe  Bee  SoAbiuee  npn3HaHHe  noAynaex 
AHCxaHUHOHHoe  KOGMHHecKoe  o6pA30BaHHe  (/pCO),  ocHOBaHHoe  ha  pacnpocxpaHeHHH 
HOBeHHIHX  3HaHHH  C  HCn0Ab30BAHMeM  CBA3HbIX  CnyXHHKOB  H  Ha3eMHbIX  KOMHbK3Xep- 
Hbix  cncxeM.  B  cooxBexcxBHH  c  AOKyMeHxaMH  OOH  GoAbuioe  3HaneHHe  yneAHexcA,  b 
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nacTHOCTH,  o6pa30BaHHio  no  BonpocaM  KOCMOca,  kocmhhcckhx,  aTOMHbix,  KOMnbio- 
TepHbix  h  flpyrnx  coBpeMeHHbix  tcxhobothh.  B  HaynHbix  penTpax,  yHHBepcHTeTax, 
uiKoaax  CTpaH  AMepHKH,  EBponbi,  A3hh,  AiJiphkh  HacHHTbiBaerca  CBbiuie  400  opraHH- 
3apHH,  peajiH3yK)mHx  flKO  h  TeaeKOHcJiepeHHHH  b  HHTepecax  npotJjopneHTai^HH  mo- 
jio^ejKH,  CTyfleHTOB  h  cneunajiHCTOB,  nepeno^roTOBKH  xa^poB  b  o6aacra  kocmohabth- 

KH. 

^ajibHewmee  ycnenmoe  pa3BHTHe  OTenecTBeHHOH  KOCMOHaBTHKH  aaBHCHT  He 
TOJIbKO  OT  BOnpOCOB  ^HHaHCBipOBaHHH,  HO  H  BO  MHOrOM  OnpeAeaaeTCa  CBOeBpeMeHHO- 
CTbio  nosroTOBKH  KaApoB,  opraHHsaqHen  pamieS  npo^opneHTauHH  mojioaokh  h  bh- 
nojiHenneM  KBaaH(J)HLi,HpoBaHHOH  nepenoAroTOBKH  cnennaaHCTOB  ajih  npeAnpnaTHH 

PKA. 

XaKHM  o6pa30M,  KOCMnnecKoe  o6pa30BaHHe  aBaaerca  Heo6paraMbiM  npopec- 
COM  pa3BHTHH  HaHHOHajlbHOH  H  MHpOBOH  CHCTeMbI  o6pa30BaHHH,  AAH  OTpaCJTH  OC060 
aicryajibHOH  aBaaeTca  ceroAHa  pa3pa6oTKa  KoHueruiHH,  a  3aTeM  h  HaijHOHaabHOH  npo- 
rpaMMbi  KOCMHnecKoro  o6pa30BaHHa.  Ilpn  3tom  KOCMHaecicoe  o6pa30Bamie  b  PO  yace 
ceroAHa  AoaacHO  CTaTb  BaacHeiimHM  komhohchtom  <J)eAepajibHon  nporpaMMbi  o6pa30- 
BaHHa  h  OeAepajibHOH  KOCMmecKOH  nporpaMMbi. 

HcxoAa  H3  peKOMeHAatiHH  OOH,  AMCTaHLiHOHHbiM  kocmhh6Ckhm  o6pa30BaHHeM 
Heo6xoAHMo  oxBaTbiBaTb  AomicoabHoe  h  uiKoabHoe  oSyneHne,  Bbicmee  h  cpeAHee  Tex- 
HHnecKoe  o6pa30BaHHe,  nocjieBy30BCKoe  o6pa30BaHiie,  BKaionaa  nepenoAroTOBKy  xaA- 
poB  h  noAroTOBKy  icaApoB  Bbicmen  KBajiHfJiHKauHH.  B  Pocchh  b  caMbift  KpaTHanuiHH 
CpOK  AOJDKHbl  6bITb  C^OpMHpOBaHbl  06pa30BaTCJIbHbie  nporpaMMbi  no  KOCMOHaBTHKe, 
npnneM  Kax  aaa  orpacjiH,  tbk  h  A-ia  uiHpoKHx  caoeB  HaceaeHwa  CTpaHbi.  3th  npo¬ 
rpaMMbi  yace  hocbt  He  orpacaeBOH.,  a  o6merocyAapcTBeHHbiH  HapHOHaabHbiH  xapax- 
Tep. 

AK-ryajibHbiMH  Aaa  KOCMHnecKoro  o6pa30BaHHa  aBAaiOTca  Bonpocw  npaBOBoro 
h  MaTepnajibHoro  o6ecneHeHHa  HauHOHaabHOH  nporpaMMbi  KOCMnnecicoro  o6pa30Ba- 
HHH. 

ITo  nopyneHHio  PKA  cobmcctho  c  MHHo6pa30BaHHH  h  MHHHayKH  b  cTpaHe 
npoBOAaTca  pa6oTbi  no  opraHH3apHH  AHCTaHiinoHHoro  icocMHHecKoro  o6pa30BaHHa 
Aaa  Bcex  B03pacTHbix  rpynn  Maceaenna. 

B  PKA  c  1996  roAa  pa3BepHyra  KOMiuieKcuaa  HHP  “3BPHKA” 
“HccneAOBaHHe  nyreH  cosAanna  b  Focchhckoh  OeAepaunn  CHCTeMbI  AHCTaHijHOHHoro 
KOCMHnecKoro  o6pa30BaHMa  b  HHrepecax  PKA  h  Apyrnx  orpacaeH  HapoAHoro  xo3hh- 
CTBa  c  Hcnoab30BaHHeM  chctcm  AMCTaHLiHOHHoro  Aocryna  k  3HaHHaM  h  HHiJiopMaaH- 
OHHbix  KOMnbiOTepHbix  CHCTeM”.  B  xoAe  peaan3aiiHM  btoh  HHP  npOBeAeH  aHaaw3  co- 
CToaHHa  h  onpeAeaeHHe  ochobhhx  HanpaBaeHHH  peaaH3auHH  fl^KO  b  P<X>,  pa3pa6oTa- 
Hbi  npeAJioaceHHa  no  CTpyicrype  o6meii  opraHroauHOHHO-ynpaBaeHHecKOH  CHCTeMbI 
/JKO  Pocchh  h  CTpaH  CHT,  ocyniecTBaeHbi  nccaeAOBaHHa  no  BbiSopy  oSanica  tcxhh- 
necKHx  cpeACTB  /JKO. 

B  npooecce  npoBCAenna  KOHKpeTHbix  pa6oT  b  oGaacm  flKO  Ha  6a3e  HYI1 
ocymecxBaeHbi  neperoBopbi  c  npeACTaBHTeaaMH  pyxoBOACTBa  aMepHKaHCKoro  yneSHO- 
ro  IJ,eHxpa  /JoyaHHr  KoaaeAac  (npe3HACHT  Bhktop  MecKHaa),  Ha  KOTOpbix  oScyacAa- 
aacb  nporpaMMa  oGyneHiia  aMepHicaHCKHX  yaamuxca  h  npenoAaBaTeaen  b  IJHHH- 
MAIII  h  b  IJeHTpe  cnyTHiiKOBOH  cbh3m  OKB  M3H  "MeABeacbH  Cbepa".  OceHbio  1995 
roAa  6bia  opraHH30BaH  XeaeMocT  MeacAy  U,VXI-PKA  h  BbicraBoaiibiM  KOMnaeiccoM 
"XEJIEKOM-95"  b  r.  DKeneBa,  bo  BpeMa  KOToporo  b  CTpaHbi  EBponbi  TpaHcanpoBaaacb 
HH^opMaiina  06  OTenecTBeHHOH  KOCMOHaBTHKe  h  b  paMicax  KOHBepcnoHHbix  pa3pa6o- 
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TOK  -  O  npHOpHTeTHbIX  AOCXtf>KeHHXX  pOCCHHCKOH  MeflHUHHbl.  YHaCTHHKaMH  XejieMOC- 
Ta  HBjiH.nHCb  aKaaeMHK  IO.B.  rYJWEB,  Beaymae  cneuaanHCXbi  HHHHMAHI  h  PKA, 
BHflHbie  MeflHUHHCKHe  cneunajiHCTbi,  3aMecxaxe.ua  aapexxopoB  OHKOJioraaecKoro 
uem-pa  PAMH,  HHTO  M3  P<I>,  aHcxaryxa  xapypraa  hm.  A.B.  BauiHeBCicoro,  HMBII, 
a  co  CTopoHbi  ^CeHCBbi  -  22  ripeacxaBaxejw  3apy6excHbix  ijeHxpoB  h  $apM.  B  xeaeHae 
1996+1998  r.r.  coxpyaHHKa  HjHHHMAHI  npHHHJia  aKTHBHoe  yHacxae  b  opraHH3apaa 
h  pa3pa6oTKe  yneGHO-MexoaHHecKax  MaxepaaaoB  jim  peana3anaa  kocmhhcckoh 
oaHMnaaabi  uiKOJibHHKOB  Poccaa  (pyKOBOflaxeab  ojwMnaaabi  -  A.  A.  CEPEEPOB). 

npeacTaBHTCJiH  OHHHM  AIH-PK A  b  xeneHae  1996-1997  r.r.  npaHHJia  yna- 
CTae  b  pa3pa6oTKe  Komjermaa  c^opMapoBaHaa  HH^opMapaoHHoro  npocrpaHCTBa 
CHT,  yTBep>KaeHHoa  raaBaMa  npaBaxejibcxB  CTpaH  CHT.  B  Hacxoaiaee  BpeMH  b  npo- 
uecce  noaroTOBKa  k  yxBepxcaeHaio  HaxoaaTca  npea-aoxceHMa  PKA  o  co3aaHaa  b  Poc- 
caa  PeraoHaabaoro  nempa  flHCxaHHHOHHoro  KOCManecKoro  oGpa30BaHaa  cxpaH  CHT 
noa  araaoa  OOH  a  o  MexcrocyaapcxBeHHoa  pacnpeaeaeHHoa  xejieKOMMyHMKaHHOH- 
Hoa  cacreMe  aacTaHuaoaHoro  MeaauaacKoro  oGecneneHira  HaceaeHaa  CTpaH  CHT, 
KOTopbie  BKjnoHCHbi  b  IXriaH  peaaaaauaa  axoa  KoHuenpaa,  noaroxoBjieHHbia  Hcnoa- 
HaTeabHbiM  CexperapaaxoM  CHT.  3ra  aoxyMeHXbi,  pa3pa6oTaHHbie  tpiHHMAHI, 
6biaa  oScyacaeHbi  a  noayaaaa  oaoSpeHae  Ha  paGonea  Bcxpeae  b  U,yil  npeacxaBaxe- 
aea  PKA,  HHHHMAHI  a  OKB  M3H  c  nojiHOMOHHbiMH  npeacxaBaxejiaMH  IOHECKO 
(aenaSpb  1996  r.). 

B  HacToamee  BpeMa  b  paMicax  nporpaMMbi  /1JC0  PKA  cneuaajiacxaMH  PKA 
peaaa30BaHa  nepsaa  oaepeflb  aoKajibHoa  BbiHacnaxeabHoa  cera,  Koxopaa  noflKjiiOHeaa 
k  pacnpeaeaeHHoa  xeaeKOMMyHHKaaaoHHoa  cexa  PKA  Ha  6a3e  bojiokohho- 
onxaaecKax  aaHaa  cbx3h  (BOJIC)  MocKOBCKoro  peraoHa. 

B  paMxax  HHP  “3BPHKA”  c  1997  roaa  Hanaxa  paapaGoxxa  yae6HO- 
MexoaaaecKax  MaxepaaaoB  ana  yaamaxca  o6ineo6pa30BaxeabHbix  uixoa  (Beaymaa  op- 
raHH3auaa  -  HHHHd>0,  ocymecxBjiaioiuaa  ceanac  aacxaHuaoHHoe  oGyneHae  no  xa- 
HaaaM  TeaeBaaeHaa),  a  Tax>Ke,  noaroxoBxy  yae6Hbix  nporpaMM  no  nepcnexxaBHbiM 
HanpaBjieHaaM  pa3Baxaa  KOCMOHaBXHKa. 

B  HacxHocxa,  noaroxoBJieHM  yaeGHbie  nporpaMMbi  no  ocHOBaM  naaoxapyeMbix 
KOCManecKHX  noaexoB,  no  aacxamjaoHHOMy  30HaapoBaHaio  3eMaa,  KOCManecKHM 
cacxeMaM  cbb3h  a  naBarauaa,  poGoxoxexHanecxaM  cacxeMaM  b  xocMOce,  no  Bonpo- 
caM  acxopaa  oxc'iecxBeHnoa  xocMOHaBxaxa,  a  xaxace  b  aacxa  coBepmeHCXBOBaHaa 
3HaHaa  no  axoHOMaaecxaM  ocHOBaM  opraHa3anaa  npoa3BoacxBa  b  cacxeMePKA. 

IlpOBeaeHHbie  accaeaoBaHaa  b  paMxax  HHP  “3BPHKA”  no  aHajia3y  pa3JiaH- 
hbix  xexHHHecKax  cpeacxB  $K0  no3Boaaaa  onpeaeaaxb  oGaax  HaaGoaee  papaoHanb- 
Hbix  cacxeM  oGecneneHaa  TeaeKOMMyHHKaqaoHHaa  HHcjiopMaqHOHHaa  cacxeMa 

Ha  ocHOBe  cnyxHHKOBoa  cbh3h  aBjiaeTca  3(J)cj3eKxaBHbiM  cpeacxBOM  npeaocxaBaeHaa 
noab30BaxeaaM  ycayr  coEpeMeHHoro  ypoBHa. 

Oueaxa  peaabHbix  bo3mo>khoctch  Bbixoaa  HH^opMaaaoHHbix  cexea  PKA  Ha 
ueHxpw  cnyxHHKOBoa  cbh3h  noxa3aaa,  hxo  HaaGoaee  onxaMaabHbiM  aBaaexca  Bbixoa 
nepe3  H,yn  HHHHMAHI  Ha  I^enxp  CnyxHHKOBoa  Cbh3h  “Measexcba  03epa”.  ftna 
Mockbh  a  MocKOBCKoa  oGaacxa  Moxcex  Gbixb  acnojib30BaHa  cacxeMa  xexHHHeacax 
cpe/icxB  /1K0  Ha  6a3e  KOMnbioxepHoa  xcxhhkh  Hyna  HHHHMAHI  a  HTH,  Cn  a  Aea- 
cxByiouiax  xejie(J)OHHbix  naHaa  c  pa3JiaHHbiMa  yaeGHbiMa  3aBeAeHaaMa. 

npaicraaecicaa  onbix,  nojiyaenHbia  npa  BbinojiHemia  3ap;aH  HanajibHoro  axana 
paGox  no  /JKO  b  aacxa  oGocnoBaHaa  nepcnexxaB  pa3Baxaa  cacxeMbi  ^KO  b  aHxepe- 
cax  PKA,  no3BOJiaji  npacrynaxb  k  KOHKpexHbiM  MeponpaaxaaM  no  noaroxoBKe  peaaa- 
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3aUHH  3XOH  CHCTeMH  Ha  XeppHXOpHH  P<1>  H  CTpEH  CHT. 

B  xeneHne  1996-^-1998  r.r.  HaHaxa  sKcnepHMeHxajibHaa  oxpa6oxxa  xexHHnecKHX 
cpeflCTB  ,HJCO  Ha  ochobc  HH^opMaunoHHbix  ceTeii  LJYII TTH13HMAITT  npoBcqeHiw 
nepBbix  ypoKOB  flKO  fljia  yneGHbix  3aBe^eHHH  r.  MocKBbi  h  oxpaSoxKH  nmJjopMaqH- 
OHHbix  icaHajiOB  CBH3H  c  Be/iyinuMH  BV3aMH  Pocchh.  IIojiyHeHHbie  pe3yjibTaTbi  hbjih- 
K)tch  npaKTHHecKOH  ochoboh  fljra  Hanajia  peajiH3aqHH  nocxonHHO  AeftcxByioineH  chc- 
TeMbl  flHCXaHIJHOHHOrO  KOCMHHeCKOrO  o6pa30BaHHH  flJIH  HaCejieHIlH  pa3JIHHHbIX  B03- 
pacxHbix  rpynn  Pocchhckoh  OeflepaqHH  h  cxpaH-ynacxHHa  CHT. 

K  HacxoameMy  BpeMeiiH  IIJfflHMAin  Bbinojinnji  cneqyioinHe  pa6oxbi  no  pea- 
jiH3au;HH  nporpaMM  ,E(KO  b  HHxepecax  PKA: 

IIpeflcxaBHxejKiMH  PKA  h  UpHHMAIII  pa3pa6oxaHbi  npeAJioxeHna  no  peara- 
3auHH  KoHpenqHH  (J)opMHpoBaHna  HH^opMaqnoHHoro  npocxpaHCXBa  CHT,  bkjho- 
HaroiqHe  co3qaHHe  b  r.  MocKBe  PeraoHajibHoro  IJeHxpa  flKO  rocy# ap cxb -y m a cxn n ko b 
CHT  no, a  sraqoH  OOH.  3xh  Meponpiurraa  o6cy>KpeHbi  n  oaoSpenbi  npeflcxaBnxejiaMH 
pma  3apy6c>KHbix  opraHH3aqnn,  BKjiKmaa  IOHECKO,  h  bouijih  b  ILiaH  peajnmqHH 
KoHqenqnn. 

•  B  IJJ1HHMAIII  h  qpyrnx  opraHimqHHx  Hanajiocb  (JjopMnpoBaHHe  (j)OHqa 
yHe6HO-MexoflHHecKHx  MaxepnajiOB  n  nporpaMM  no  BonpocaM  KOCMOHaBXHKH.  B  nacx- 
hocxh,  noflroxoBjieHbi  nepBbie  yne6nbie  nporpaMMbi  no  /mcxanniioHHOMy  30HqnpoBa- 
HHIO  3eMJIH,  KOCMHHeCKMM  CHCXCMaM  CBB3H  H  HaBHraiJHH,  poSoXOXeXHHHeCKHM  cncxe- 
MaM  b  KOCMoce,  no  BonpocaM  KCxopHH  oxeHecxBeHHofi  KOCMOHaBXHKH,  a  xaxxce  b  nac- 
XH  COBepmeHCXBOBaHHH  3HBHHH  no  OCHOBaM  OpraHH3aqHH  npOH3BOPCXBa  B  CHCXeMe 

PKA. 

•  B  1997  r.  HaHaxa  SKcnepuMeirrajibiiaa  oxpaooxxa  xexHHnecKHX  cpeqcxB 

Ha  ocHOBe  HH(j)opMaqHOHHbix  cexeii  Ljyil  L^HMHMAIII  ajih  npoBepeHHa  nepBbix  ypo- 
kob  )JKO  p:jih  yneSHbix  3aBeqeHHH  r.  MocKBbi  h  oSjiacxH. 

•  ripoBeqeHa  xejieKOH^epeHUHa  H3  Ii;yn  UHHHMAIII  c  r.  TKeneBa,  bo  bpcmh 
Koxopoil  b  ABycxopoHHeM  pe>KHMe  xpaHCJinpoBajiacb  HHcjjopManHa  no  BonpocaM  koc- 
mohbbxhkh  h  nepeqoBbie  KocMHHecKne,  MeaniiHHCKHe  h  qpyrae  xexHOJiorim. 

•  3aBepmaexca  opraHimnHOHHoe  (JiopMHpoBaHHe  yne6HOH  nporpaMMbi  “YpoKH 
H3  KOCMOca”  (peajiH30BaH0  5  ypOKOB,  BAKO  “Coi03”)  h  IlporpaMMbi  “3eMJis-KocMoc- 
3eMjia”  (npoBepeHO  3  ceaHca  /JKO  no  HH^opMaqHOHHbiM  jihhhhm  T^VTT-TIRRH- 
MAUI-2  yneGHbix  aaBeAeriHa  r.  Mockbbi  h  b  PKA). 

B  Hacxoaiqee  BpeMH  noaHOMacmxaOHaa  peajiH3aunH  nporpaMMbi  flKO  cqepxon- 
Baexca  HeAoexaxoHHbiM  (j^HHancHpoBamieM  sxhx  pa6ox  h,  b  nacxHocxH,  oxcyxcrBHeM 
cpepcxB  fljia  3aKynKH  coBpeMeHHOH  KOMnbioxepHOH  xcxhhkh  h  coBepmeHCXBOBaHna 
KOMMyHHKaqHOHHblX  JIHHHH. 
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MaTepnajfw  (peayjibTaTbi),  npiiBopuMbie  b  aoKjiaae,  aBJiaiorca 
o6o6peHneM  upoOneM,  o6cy*paBiiiH xca  Ha  UpoOjieMHOM  coBcre  N°3 
HayqHO-TexHHaecKoro  coBera  PKA  (npepceflarejib  -  aKafleMHK  PAH 
H,A.Ah(1)hmob),  h  BbipaGaraHHbix  cobctom  peKOMeHflaipit  o  HanOoiiee 
papnoHa  jt  bHH  x  nyrax  oOecnenemia  jpmTejibHhix  cpoxoB  aKTHBHoro 
cymecTBOBaHMH  (CAC)  kocmhtoskhx  aimapaTOB. 

OiibiT  oGecneaeHHa  ^jrarejibHHX  CAC,  HaKOiuieHHbra  3a  noejieflHHe 
aecaTHJieina,  no3Bojia©r  MciiojibaoBaTb  b  Majiwx  cnyrHHKax  HanOojiee 
Ha^exoibie  npir6opbi  h  arperarw  6e3  MHoroKparaoro  pe3epBMpoBaroia . 
3 HaaH'icjibHHH  3(J)(peK3  o6eciieiLHBaK)T  orxaa  ot  repMexHaoro  iicnojiHeHna 
KocMHaecKoro  amiapara  h  ncriojibaoBaHne  naccHBHon  chctcmh 
t epMopciyji  HpoBaHna  Ha  TeiuiOBbix  rpyOax. 

OjpaKo  raKHe  pemenna  npepbaBJiaioT  noBbimeHHbie  TpeGoBanna  no 
pecypcy  h  OeaoTKaiHocTM,  no  ctomkoctm  k  ^JiincjibHOMy  Boap cm c r  bhjo 
(J)aKTopoB  KocMHaecKoro  iipocrpaHCTBa,  b  tom  ancae  k  Boaaeii cthhid 
TaxcejiMx  3apa*©HHbix  nacmp  m  /pnTCJibHOMy  oOayaeHHio  HOHnanpyionpiMH 
H3JiyaeHHaMH  HM3KOH  MHTCHCTfBHOCTH ,  K  B03peHCTBHI0  MHKpOMereopHTOB  M 

KOCMHHecKoro  Mycopa,  no  oOeciicMeiiMio  paOmocnocoOHocTM  b  BajcyyMe,  no 
oOecneaemno  komilji&kt  yiom  hmh  ojieMemaMM  c  npoBepeimeM 

OTGpaKOBOTHbix  HciibiTaHHH  h  piiarHocTnaccKoro  Hepa3pyniaiopero 
KOHTpojia.  B  pape  cjiynaeB  sto  iipuBopixr  k  Heo6xopHMocTH  ncnojib30Baima 
ojieMenTHon  6a3bi  n  npnOopoB  aapyOeacnoro  nponaBopcTBa,  qro,  b  cboio 
oaepepb,  TpcOycr  HpeHTH^HKaipn  mx  cepTH^HKaTOB,  rapMomiaaipm 
rpcOoBaHHM  orenecTBeHHhix  n  3apy6e*Hbix  cTanpapTOB. 
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In  this  report  some  problems  are  summarised  and  considered  that  are 
devoted  to  the  most  rational  ways  of  satellites  long  operational  life  assurance. 
Experience  gained  in  last  decades  enables  using  the  most  reliable  equipment 
in  small  satellites  without  any  redundancy.  However  that  requires  to  use  im¬ 
ported  elements,  identify  foreign  certificates,  and  harmonize  their  and  Rus¬ 
sian  standards. 
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IlepCneKTHBbl  pa3BHTMH  MajIOH  KOCMMHeCKOH  TeXHHKM 
B  POCCHH  npH  HCnOJILGOBaHHH  HOBbIX  TeXHOJIOrHH 

BoanH  B.B.,  JleBHUKHH  iO.B.  (PKA),  JlyKbameHKO  B.H., 
CeHKeBHH  B.n.,  PaHKynoB  I\r.,PeM6e3a  A.H.  (IJHHHMam) 
Mopo3eiuco  A.<3>. 

IlpoBjieMa  C03ZiaHH«  H  HCn0JIb30BaHHfl  MajIOH  KOCMHHeCKOH  TeXHH- 
kh  3a  nocjieflHHe  roam  nepeciajia  6bm>  hoboh. 

Majiaa  KocMHaecicaa  xexHHKa  6bicxpo  paiBHBaexca  3a  pySexoM,  Ha 
npaKTHKe  aoKaibiBa^  3$<j)eKXHBHOcxb  h  uejiecoo6pa3HocTb  peineHHa  mho- 
rax  3aflan  Ha6jiK>aeHHfl  3e\uiH  h  rwaHex,  co3aaHira  peraoHajibHbrx^  mo- 
6ajIbHbIX  KOCMIBieCKMX  CHCTeM  CBH3H,  peiHeHHH  MHOrHX  HayHHbIX  3aB,alI  H 
BbinojiHeHHa  npHKjia/iHbix  3KcnepHMeHXOB. 

Pocchh  3th  3aaalin:  cTOJib  xce  aKryajibHbi,  Kate  h  jura  apyrnx 
CTpaH  MHpoBoro  cooGmecTBa. 

MHoroHHcaeHHbie  npoeKXHbie  npopa6oxKH  (cM.pHc.l,2,3,4),  Bbinoji- 
HeHHbie  BeaymHMH  npoeKXHO-KOHcxpyKxopcKHMH  opraHH3aiiHaMH  Poc¬ 
chh,  nOBXBepJKflaiOX  npHHHHnHajIbHyiO  B03M0)KH0CXb  co3aaHHH  Majibix 
KocMHHecKHX  annapaxoB  h  cnyxHHKOBbix  cncxeM  jura  BbinojiHeHHH  yxa- 
3aHHbix  Bbime  3aaan  aa)tce  Ha  cymecxByiomeH  h  HeMHoro  aopa6axbiBaeMOH 
ajieMeHXHOH  6a3e. 

FIpoeKXHO-KOHcxpyKXopcKHe  paapaGoxKH  HeKoxopbix  KA  Haxoaaxca 
Ha  CXaaHBX  Ha3eMHbIX  aBXOHOMHbIX  H  KOMIUieKCHbIX  HenbIXaHHH  H  a axce 
jrexHbrx  HcnwxaHHH,  no  apyrHM  KA  HMeioxca  MaKexbi. 

BMecxe  c  xeM  BbisbiBaex  xpeBory  h  o3a6oneHHOcxb  xox  (Jjaxx,  axo 
npopaSaxbiBaeMbie  KA  cymecxBeHHo  ycxynaiox  no  cbohm  xexroraecKHM 
xapaxxepHcxHKaM,  Macce,  3Hepronoxpe6jieHHio,  cpoxaM  aKTHBHoro  cy- 


Phc.1.  Bo3MoxHbie  3aaaHH  uj ifl  pocchhckhx  MKA 
Ha6jTK)jeHHe  CBfl3b 

1  .^MCTaHUHOHHoe  30HAiipoBaHHe  3eMUH  1.  H H3Koop6MTaji bHaa  KocMHHecKaa  CBH3b  co  CTanHO- 

•  reoAe3HH  HapHbiMH  h  noABHXHbiMH  oSbeKTaiHH 
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Phc.3.  PoccMHCKMe  npoeKTbi  MKA  HaSjiioiieHttfl 


meCTBOBaHHH  H,  B  KOHeHHOM  CHCTe,  no  CTOHMOCTM  JiyHLUHM  3apy6e)KHbIM 
aHajioranHbiM  oOpaanaM. 

CjieAOBaxejibHo,  ohh  He  Moryr  6biTb  KOHKypeHTOcnoco6Hbi  Ha  mh- 
PObom  pbiHKe  nponax  KocMiwecKon  TexHHKH  h  ycjiyr,  He  cMoryr  SbicTpo 
oKymiTb  3aTpaTM  Ha  hx  co3namie  h  oKcruiyaTamno. 

TaKoe  nojioxemie  b  pocchhckoh  Majion  KOCMHHecKOH  TexHHKe 
(MKT)  CKJia^biBaeTca  b  ycjioBrotx  OypHoro  pa3BHTHa  MKT  3a  pySe^coM. 

PaccMOTpHM  HeKOTopwe  TexHHHecKHe  h  nporpaMMHbie  acneKTbi  pa3- 
BHTIM  KOCMHneCKOH  TeXHHKH  3a  pySeiKOM  H  B  PoCCHH  Ha  OCHOBe  aHajIH3a 
OTKpbiTbix  nySjiHKaiiHH  3a  nocjie^HHe  Tpn  roaa. 

1 .  HavnHbie  cnyrnnKH. 

•  B  CII1A  paapaSaxbiBaeTca  n  (turn)  yace  3anymeHo  6ojree  20  THnoB 
cnyTHHKOB,  HMeiomHX  cyxyro  Maccy  ot  200  ao  800  kt,  wn  nccjie- 
^oBaHHa  oKojio3eMHoro  npocTpaHCTBa ,  CojiHiia,  JlyHbi,  miaHeT  n 
Majibix  He6ecHbix  Teji  (acTeponnpB,  kom6t). 

•  PeajiM3yexcH  p sm  nporpaMM.  3to  -New  Millennium- Discavery 
(Med- Lite),  Small  Explorer  n  zip. 

•  HMeioTca  ztajKe  MHKpocnyTHHKH  Maccoft  ~6-15  kt.  Majibie  Hayn- 
Hbie  cnyTHHKH  co3zxaioTc«  h  ncnojib3yioTCH  b  HnoHHH  (2  Tuna 
KA),  HTajiHH  (4  Tuna  KA),  TepMaHHH  (4  Tnna  KA),  UlBeimH  (2 
rana  KA),  Hcnamoi  (2  rana  KA),  flamra  (1  ran  KA),  ApreHTHHe 
(1  Tun  KA).  OpraHH3amw  CNES  npezmaraeT  eBponencKHM  d)Hp- 
MaM  pa3pa6oTaTb  cepnio  Majibix  HaynHbix  cnyTHHKOB  Maccon  zio 


500  KT, 


Phc.4.  PoccHHCKMe  npoeKTbi  MKA  cba3H 


•  IilBeiiHflU  Hcnanixa  b  ochobhom  Hcnojib3yioT  MHKpocnyr- 
HHKH  MaCCOH  flO  50  KT. 

•  Bcero  HMeeTca  48  thiiob  3apy6e)KHbix  HaynHbix  MKA  (npoeKTbi  h 
co3^aHHbie  KA). 

B  Pocchh  HKH  PAH,  H3MHPAH,  HIIO  hm .  JIaBOHKHHa  npezuia- 
raK)T  npoeKTbi  MexoruianeTHbix  MKA  Maccon  120-150  KTg 

2.  Citvthhkh  HaSjnonemm  3eMJin  H3  Kocvtoca. 

•  B  CILIA  HMeioTca  nporpaMMbi  MPE  n  EOS  (HccneflOBaHHe  mo- 
OaJibHoro  H3MeHeHna  KJiHMaTa  n  aKOJioran  3eMjra),  a  Taioce  npo- 
rpaMMa  SSTI  (xexHOJioranecKaa  HHHimaTHBa  b  oOjiacTH  Majibix 
CiryTHUKOB)  H  p5m  npoeKTOB  KA  23,33,  B  COOTBeTCTBHH  C  KOTOpbl- 
MH  pa3pa6aTbiBaeTCH  h  (hjih)  Hcnojib3yeTca  18  xnnoB  Majibix  KA. 

•  Majibie  KA  co3,aaK)Tcfl  Taioxe  b  H3panjie  (2  xnna  KA),  Karrae  (10 
npoeKTOB  KA),  Hmnra  (4  Tnna  KA),  HcnaHHH  (1  Tnn  KA),  Bpa- 
3HJIHH  (1  Tnn  KA).  ^hjih  h  CayaoBCKaa  ApaBHfl  noicynaioT  mhk- 
po-  n  Majibie  KA  b  AHrjmn  h  CILIA. 

Bcero  HMeeTCH  36  xnnoB  MKA  n  MHKpo  KA. 

Macca  othx  KA  -  ot  50  kt  flo  500  kt. 

B  Pocchh  HMeeTCH  ~10  npoeKTOB  MKA  HaGjnoaeHHfl  3eMJiH  H3  koc- 
Moca,  oflHaKo  peinenne  06  hx  pa3pa6oTKe  He  npHHHMaeTCH. 

Macca  KA  -  ot  350  kt  no  1  TOHHbi. 

3.  HH3KOOP6HTaJIbHbie  CITVTHHKH  CBA3H 

•  B  CUIA  pa.3pa6aTbiBaK)TCH  h  nacTHHHO  Hcnojib3yioTCH  4  THna 
HH3KOOp6HTaJIbHbIX  KOCMHHeCKHX  CHCTeM  CBH3H  (HOKC).  3X0 
ciicTeMbi  Globalstar,  Iridi,  Teledesic  (LEO-SAT-I),  Orbcom  c  koc- 


MHraecKHMH  arixiapaTaMH  Maccoft  ot  39  kt  (Orbcom)  ,no  850  k r 
(Teledesic). 

•  B  TepMaHHH  paapaSaTKiBaeTca  npoeKT  HOKC  Safir  n  KA  Tubesat-B 

jyw  oTpa6oxKH  annapaxypbi  A33  h  cbsoh. 

•  Pa3pa6aTbiBaeTCH  eBponencKan  cHCTeMa  cb«3H  Starsys.  Bo  OpaHPHH 
Pa3pa6aTbiBaeTCH  npoeKT  HOKC  Sativod-KOHKypeHT  HOKC  Teledesic. 

•  B  Epaiimnn  npopaSarbiBaexcfl  npoeKT  rjiobajibHon  KocMH'iecKon 

CBH3H. 

•  MeKCHKa  n  KnTan  HMeioT  no  ojwoiviy  Tnny  Majibix  cnyxHHKOB  CBH3H. 
HToro  3a  pybexcoM  cox/khotc*  n  ncnojibayioTca  11  thhob  Maabix  h 

MHKpO-KA  CBH3H. 

B  Poccnn  pa3BepxbiBaeTC5i  HOKC  ToHeu,  (  Macca  KA  230  kt)  h 
HMeeTCH  p5W  XipoeKTOB  HH3KO-  H  CpeflHeOpbHTajIbHblX  KC  CBB3H, 


PoccnncKHe  KA  CBH3H  3HaHHTejibHO  ycxynaioT  no  nponxBo/inTeab- 
hocth  3apy6e)KHbiM. 

4  MaiTbTe  cnvxHHKH  BoeHHoro_H  flBQHHoro  Ha3HaBeHna. 

•  B  CLLLA  peajinayioTCB  4  nporpaMMbi  co3aaHna  Majibix  cnyTHHKOB. 
nporpaMMbi  STEP  a  STP  m«  npoBe.'KUHH  npHKjiaflHux  oKcnepn- 
MeHTOB,  nporpaMMbi  MSTI  a  SMTS  ww  ueneft  IIPH,  nPO, 

nm 

HairnoHanbHoe  paaseaynpaMeHne  MO  CIIIA  npHtwao  pemefflie  o 
nepexoae  Ha  Majibie  paaBeflbreaxejibHbie  cnyrroiKH  Bcex  KJiaccoB  c  Maccofl 
b  4-5  pa3  MeHbine  cyinecxByiomHX  TpaxnmnoHHbix. 


Bcero  no  bochhwm  nporpaMMaM  b  CILIA  pa3pa6aTbiBaeTcn  n  hc- 
nojib3yeTcn  6ojiee  25  thhob  MHKpo-  n  Majibix  KA. 

•  HecKOJibKo  thiiob  Majibix  KA  BoeHHoro  n  xmoHiioro  Ha3HaneHna 
paipaSaibiBaioTCJi  n  Hcnojibayroxca  b  IbpaHJie,  OpaHunn,  TepMamiH, 
KnTae,  flnoHHH. 

B  PoCCHH  HMeeTCH  HCCKOJIbKO  npoeKTOB  MKA  BOeHHOrO  H  #BOH- 
Horo  Ha3HaneHKB,  o^naKo  peinemra  no  nx  najibHenmeH  pa3pa6oT- 
Ke  He  npHHHTbi. 

5.  C  nejibio  coKpamemw  3aTpaT  BpeMeHH  n  cpe,n;cTB  Ha  co3ZiaHHe 
HOBbix  KA  3a  py6e)KOM  uinpoKO  Hcnojib3yioTCM  Majibie  cnyTHHKOBbie 
rrjiaTcJjopMbi. 

•  B  CILIA  iHHpotcoe  pacnpocTpaHeHne  nojiynmiH  cnyraincoBbie 
miaTc})opMbi  (J)HpM  CTA  ,  Spectrum  Astro,  TRW  h  ap.  B  Ahfjihh  h 
FepMaHHH  coiaanbi  MHKpocnyraHKOBbie  njiaTtjaopMbi  zura  KA  Mac- 
coh  50... 80  kt.  KpoMe  Toro,  b  Ahfjihh  co3aaHa  iuiarcjjopMa  ww 
KA  Maccoft  ao  250. ..450  kt. 

*  B  LlTajIHH  H  OpaHHHH  0praHH30BaHbI  nOTOHHbie  JIHHHH  /FJI5I  Majibix 
cnyTHHKOB  CBH3H  Ha  6a3e  jmH^HHHpoBaHHbix  njiaTcjjopM.  AHajiormiHbie 
paOoTbi  np o H3 bojwtcb  b  Km'ae,  b  op raHH3anHH  CNES,  Ha  YKpaHHe. 

B  Pocchh  HMeeTca  HecKOJibKo  npoeKTOB  MKA  U33  h  cbh3H  Ha 
6a3e  yHHcJjHHHpoBaHHbix  ruiaT(J)opM,  oflHaKo  iipaKTHnecKyio  pea- 
jiH3auHio  mh  HMeeM  no  paay  ruiaTc^opM  aaa  xpaaHHHOHHbix  t«- 
>KejTbix  cnyTHHKOB,  pa3pa6oTaHHbix  b  U,CKB,  HIIO  IIM  h  ap- 
Bee  rojioBHbie  pa3pa6oT4HKH  KA  paccMaTpHBaioT  bo3Mojkhocth  hc- 
n0JIb30BaHH5I  yHHljjHHHpOBaHHblX  HJiaTlJjOpM,  HO  TOJIbKO  UJM  CBOHX  KA. 


B  EBpone  paSorw  no  MajibiM  cnyranKaM  Beayrca  b  paMKax  npo¬ 
rpaMMbi  ASTP  (Advanced  Systems  and  Technology  Program). 

B  KanecTBe  ochobhwx  HanpaBJieHHH  pa3BHTHn  MKT  b  EBpone  npn- 

HHTbi: 

nioSajibHaH  cBH3b, 

HaBnranna, 

flHCTaHUMOHHOe  30HAHp0BaHHe  3eMJIH  H  KOCMOCa, 

MeTeopojiorna, 

MHKporpaBHTanna , 

HccjieflOBaTejibcicMe  HayHHMe  nporpaMMbi. 

TaKHM  o6pa30M,  3a  py6excoM  peajinsyioTca  TinaTejibHO  npopa6oTaH- 
Hbie  nejieBbie  nporpaMMbi  co3aaHna  MKT,  a  y  Hac  3Ta  pa6oxa  BeneTca 
pa3o6meHHO,  HecKpoptiHHHpoBaHHO  n  noaTOMy  HeflocTaTonHo  a^xJjeK- 
THBHO. 

3KcnepTH3a  npoeicroB  Majibix  KocMimecKHX  annapaTOB  noKa3biBaeT, 
ijto  6e3  Kcnojib30BcinnH  HOBenmen  ojxeMeHTHon  6a3bi  HeB03Moxaio  co3- 
aaTb  KOHKypeHTOcnoco6Hyio  Majiyio  KocMiwecKyio  TexHHKy.  Flo  ajieMeHT- 
HOH  6a3e  HyxcHo  BbixoAHTb  Ha  mhpoboh  ypoBeHb.  (eM-  pile.  5), 


Phc.5.  Bo3mcdkhocth  yMeHbiueHHa  cyxoft  Maccw  h  3HepronoTpe6jieHHH  MKA 


Ha  Haul  B3rjTH£  Bbixofl  H3  co3flaBmeroc5i  nojioxceHHfl  ecTb.  Oh  3a- 
KiHOHaeTCH  b  3aBepuieHHH  pa3pa6oTOK  mnoneBbix  sjieMeHTOB  h  TexHOJio- 
thm,  BbinojiHHeMbix  no  3aKa3aM  Mhho6opohh.  Cefniac,  b  cbh3H  c  BecbMa 
MajibiM  h  3aaep)KHBaeMbiM  <J)HHaHCiipoBa.HHeM,  cpoKH  3aBepnieHH5i  pa3pa- 
60TKH  HOBeHIHHX  3JieMeHTOB  H  yCTpOHCTB  nepeHOCHTCfl  H  HeoSxOflHMO 
H3bicKHBaTb  bo3moxchocth  Bce-TaKH  3aBepm«Tb  3Ty  paOoTy. 

Ohhbko,  yxce  HMeiomHecu  pe3yjibTaTW  noflTBepxcuaioT  B03M0)KH0CTb 
yMeHbiueHHH  cyxoH  Maccbi  h  3HepronoTpe6jieHrw  KA  no  cpaBHeHHio  c 
TpaHHHHOHHblMH  KA  b  3-5  paa.  (cM,pHc.5)  H  Ha  20-30%  no  CpaBHeHHIO  c 
3aHBJieHHbiMH  b  nocjieflHee  Bpevm  b  npoeKTax  Majibix  KocMHHecKHX  anna- 
paTOB. 

B  oTpacjin  b  paMKax  Oe/iepajibHOH  KocMHHecKOH  nporpaMMbi  h  npy- 
thx  nporpaMM  BbinojiHHeTca  “  MexcBezioMCTBeHHaii  nejieBaa  komiui e KCHaH 
nporpaMMa  co3naHHH  6a30Bbix  TexHOJiorHH  ziBOHHoro  npHMeHeHHn”.  B 
KauecTBe  paiaejra  stoh  nporpaMMbi  b  1996  nmy  pa3pa6oTaHa  HejieBaa 
nporpaMMa  coizrarniH  h  Hcnojib30BaHH5i  sjieMeHTHOH  6a3bi  b  HHTepecax 
nepcneKTHBHOH  Maiioii  KocMnnecKOH  TexHHKH”.  B  Hee  BKjno^eH  Jimnb 
HeoSxOflHMblH  MHHHMyM  flOnO/IHHTeJIbHblX  pa6oT,  n03B0JHH0IHHX  BbIHTH 
Ha  MHpoBOH  ypoBeHb  Marion  KocMHnecKOH  TexHHKH  h  oGecne^HTb  ee 
KOHfCypeHTOCnOCoSHOCTb. 

Heo6xonHMO  paOoTaM  otofo  paaueua  nporpaMMbi  npn/iaTb  npnopH- 
TeT  h  oOecneHHTb  cjiHHaHCHpoBanne,  MoaceT  SbiTb  BpeMenno,  3a  cueT  ot- 
Ka3a  ot  zrpyrnx  MeHee  aKTyajibHbix  pa6oT. 

Cepbe3HbIM  HCTOHHHKOM  3KOHOMHH  061HHX  3aTpaT  Ha  C03flaHHe  Ma- 
JIOH  KOCMOTeCKOH  TeXHHKH  MOHIO  6bl  6bITb  peUieHHe  O  C03flaHHH  06- 


UIHMH  yCHJIHHMH  IipeflnpHflTHH-paBpaSoTHHKOB  yHHC^HHHpOBaHHOH  KOC- 
MHHecKOH  ruiaT^jopMbi  MoayJibHoro  rana,  npHroflHOH  wm  BbiBe^eHna 
jierKHMH  paKeiaMH-HOCHTejwMH,  KOTopwe  pa3pa6aTbiBaKyrcfl  b  Pocchh,  a 
TaiQKe,  npH  HeoSxoziHMOcTH,  PH  cpenHero  h  raxenoro  KJiacca,  mctoaom 
rpynnoBoro  BBe/ieHHH. 

B  KOHe^HOM  cqeTC  HeoSxoflHMO  HMeTb  jierKO  conparaeMbie  ucyKjiy 
co6oh  b  pa3JTHliHOH  KOM6HHau,HH  4  Mo/xyjifl:  cjiyxceSHbiH,  aHepreTHMe- 
ckhh,  ABHraTeubHbiH  MOffyjiH  h  MOflyjib  nojie3Hoii  Harpy3KH. 

B  Pocchh  h  Ha  YKpaHHe  pa3pa6aTbiBaeTCii  ceMeHCTBO  jierKHX  paKeT- 
HOCHTejieft  Ha  6a3e  6ajuracTHHecKHX  paKeT,  cHHMaeMbix  c  BoopyxceHHH. 
MHoro  npoeKTOB  JierKHX  PH  pa3pa6aTbiBaeTca  h  3a  pySexcoM.  HaM  Hejib- 
3 h  OTCTaTb  h  ynycTHTb  srror  eMKHH  pbiHOK  KocMHHecKHX  ycjiyr.  Oh  Moxcer 
BBTb  cymeCTBeHHblH  SKOHOMHHeCKHH  3(JxJ)eKT. 

no  HameMy  mhchhio,  6ojiee  skohomhhcckh  BbiroflHO  npe/uiaraTb  Ha 
MHpOBOM  KOCMHMeCKOM  pbIHKe  paKCTy-HOCHTejIb  BMeCTe  C  KOCMHHeCKOH 
njiax^opMOH. 

3to  3HaHHTejibHO  pacniHpHT  Kpyr  noKynaTejien  3a  cneT  cTpaH,  koto- 
pbie  TOJIbKO  HaHHHaiOT  KOCMHHeCKyiO  fleflTejIbHOCTb. 

B  3aKjiiOHeHH6  HeoSxoflHMO  cKa3aTb,  hto  bo  H36excaHHe  /lySjinpoBa- 
hhm  h  MHoroHHCJieHHbix  flonojiHHTejibHbix  3aTpaT  b  ycjioBHHx  oneHb  Ha- 
np5DKeHHoro  rocyxiapcTBeHHoro  4>HHaHCHpoBaHH«,  pa6oTbi  b  oSjiacTH  Ma- 
JIOH  KOCMHHeCKOH  TeXHHKH  HeoGxOflHMO  BeCTH  CKOOpflHHHpOBaHHO  B 
paMKaX  KOMIUieKCHOH  HayHHO-HCCJieZlOBaTeJIbCKOH  H  SKCnepHMCHTaJIbHOH 
nporpaMMbij  KOTOpan  aKKyMyjinpoBajia  6bi  b  ce6e  caMbie 


jiyHiime  pa3pa6oTKH  Kjoo^eBbix  ajieMeHTOB  h  TexHOJiorHH  h  ^ejiajia  hx 
/IOCTOJIHHeM  Bcex  pa3pa6oTHRKOB  KOCMHHeCKOH  TeXHHKH.  3Ty  pa6oTy  He- 
oSxoflHMo  0praHH30BaTb  b  paMKax  Oe^epajibHOH  KocMiwecKOH  nporpaM- 


Mbl. 


UepcneKTHUbi  p:i3Bnrnn  Majibix  cnyTHHKOB  b  Pocchh1 

M.IO.Obhhhhhkob 

Hhcthtyt  npHKjia^HOH  MaxeMaxHKH  HM.M.B.KejiAbiuia  PAH, 

Pocchh,  125047,  MocKBa,  MnyccKan  nji.,  4, 

Teji.:  (095)-250-7813,  4>aKc:  (095)-972-0737, 
ojieKTpoHHaa  nonxa:  ovchinni@spp.keldysh.ru 

Pefoepax 

Kpaime  CKyAHoe  (})HHaHCHpoBaHHe  kocmhhcckhx  oxpacnen  nayKH  h  npoMbmuieHHOCTH  b  Pocchh 
npHBOflHT  k  yrepe  cxpaHOH  nonoaceHHH  Be^yinen  kocmkhcckoh  AepxcaBbi.  PaccHHTbiBaTb  Ha  Aopo- 
rocxoaiAHe  rocyaapcxBeHHbie  3aKa3bi,  Koxopbie  no3BOJiHjiH  6w  noAAepacaxb  “Ha  njiaBy”  KpynHbie 
npeflnpHHXHH  kocmkhcckoh  HHAycxpHH,  BpHfl  jih  Moxcex  3flpaBOMbicji«tnHH  pyKOBOflHxejib.  y 4B- 
cxne  b  KpynHbix  MexcAyHapoAHbix  npoeKxax  -  y^eji  ox^ejibHbix  npe^npHHXHH.  R, a  h  nxo6bi  ao- 
Ghxbch  npaBa  ynacxBOBaxb  b  xaicnx  npoeKxax,  hcoSxoahmo  riocxoxHHoe  npoABHHceHHe  enepeA  b 
HayHHOM  h  xexHOJiorHnecKOM  pa3BHXHH.  nojiynaexcH  3aMKHyxbiH  Kpyr  -  coBepmeHcxBOBaHHe 
xexHOjiornHecKOH  6a3bi  xpe6yex  Kan hxaao bjioxcchhh,  a  aapaSoxaxb  Aenbrn  moacho  jihuib  ncnojib- 
3y«  KOHKypeHXHO  cnocoSHbie  xexHOJiorHH.  Oahh  H3  nacxHbix  nyxen  npeoflOJieHHH  sxhx  xpyAHO- 
',nreH  3aKJiKmexcH  b  co3AaHH«  neSonbiiiHx  kocmhhcckhx  annapaxoB  Ha  ocHOBe  Hcnojib30BaHHa 
c^BpeMeHHbix  xexHOJiorHH.  Hx  npeHMyui,ecxBa  riepeA  oojibmHMH  annapaxaMH  Hajinuo  -  coxpa- 
maioxcH  (J)HHaHCOBbie  h  BpeMeHHbie  3axpaxbi  Ha  pa3pa6oxxy,  co3aaHHe  h  3anycx,  pacmHpaexcH 
Kpyr  noxeHHHajibHbix  co3AaxejieH  h  nojib30BaxejieH  xbkhx  annapaxoB.  Ho  coKpameHne  3axpax  Ha 
pa3pa6oxxy  h  co3AaHne  He  flocxuraexcH  xojibico  yMeHbuieHHeM  pa3MepOB  h  chhxcchhcm  Beca.  fla- 
>ice  naoSopox  -  MHHnaxiopH3auHH  npn  xpaAHUHOHHbix  opraHH3auHOHHbix  h  xexHOJiorHnecKHx 
noAxoflax  mohccx  oSepnyxbca  yBejiHHeHHCM  hx  “yAeAbHon”  cxohmocxh.  CjieAyex  noAnepKHyxb, 
hxo  onncaHHaa  npo6jieMa  Kacaexcx  He  xojibko  Pocchh,  ho  h  Apyrnx  cxpaH  kocmkhcckofo  coo6- 
mecxBa.  B  AOKJiaAe  airajipnHpyexcx  KaK,  Hcnojib3ya  Manbie  annapaxbi,  pemaexca  npoOjieMa  chh- 
xcenHH  cxohmocxh  3a  py6e>KOM  h  paccMaxpHBaroxca  B03M0KHbie  c  xohkh  speHHx  aBxopa  nyxn  ee 
pemeHHH  b  Pocchh. 


BBeneHHe 

H3MCHeHHH,  npOHCXOAHLHHe  B  3K0H0MHHeCK0H  H  nOAHXHHeCKOH  XCH3HH  POCCHH,  flBJUHOXCH  peajlb- 
HOH  OCHOBOH  AHH  HHXerpaiJHH  pOCCHHCKOH  KOCMHHeCKOH  HayKH  H  npOMbllHJieHHOCXH  B  MeacAyHa- 
pOAHbJH  pbIHOK  KOCMHHeCKHX  yCJiyr.  CaM0H30JT5HJ,HH  POCCHH  CMepXH  1TIOA06hO.  POCCHH  AOAJKHa 
pa6oxaxb  Ha  MeacAyHapoAHOM  pbiHKe.  Hmchho  bhcokhc  xexHOJiorHH,  HaKoruieHHbie  3a  AOJirHe  ro- 
Abl  npOXHBOCXOHHHH  B  “xOJIOAHOH  BOHHe”,  nAKDC  HOBbie  SKOHOMHHeCKHe  yCAOBHH,  XOXH  BeCbMa 
“acecxKHe”  h  nopow  HeApyaceufoSHbie  no  oxhoihchhio  k  npoH3BOAHxejno,  cnocoSHbi  Aaxb  xojihok 
a  JIH  3  (Jj  (|)  e  KXH  B  HOH  HHXerpaHHH  B  MHpOBOH  pbIHOK  Ha  OCHOBe  HHHU,HaXHBbI  H  KOHKypeHHHH.  PaC- 
CMoxpHM  3xo  Ha  npHMepe  hhxchchbho  pa3BHBaiomero  bo  bccm  MHpe  HanpaBjieHHH  b  kocmkhcckoh 
xexHHKe  -  Majibix  cnyxHHKOB. 

Hxo  xaxoe  Manbie  cnvxHHKH? 


1  ©  1998.  Bee  npaBa  coxpaHHioTCH .  IIpencraBJieHHbiw  MaTepwaJi  nacTMHHO  flOKJianHBancH 
Ha  KoJiJiOKBHyMe  KOCI1A.P  no  ManbiM  cnyrHHKaM,  npoxoflMBiueM  b  nexaSpe  1997  rona  b  Tan- 
HaHe  (TanBaHb) 
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Man  we  cnyTHHKH,  Ma;iopa3Mepnbie  cnyTHHKH,  MHHHcnyTHHKH,  MHKpocnyTHHKH,  HaHoenyTHHKH, 
ITHKOCnyTHHKH  ...  .  B/TO  CKpbIBaeTCfl  3a  3THMH  Ha3BaHHBMH?  IIpMHHHnHanbHO  HOBblH  KJiaCC  KOC- 
MHMecKnx  annapaTOB?  H  a a,  h  Her!  Ytoahhm  -  hto  nee  HMeercH  b  BHAy  nop  TepMHHOM  Manbifi 
cnyTHHK”.  JIct  flecaTb  -  rurmamjaTb  Ha3aA  onpeAenenne  3Toro  TepMHHa  6bi.no  6bi  KpaHHe  Heo6- 
xoahmo,  h6o  Jtno  6bino  hto-to  3K30THHecKoe  hjih,  no  KpaHHew  Mepe,  Mano  kto  HHxepecoBanca 
ManbiMH  cnyTHHKaMH  h  paccMarpHBaji  hx  Bcepbe3.  Ho  BpeMH  MeHaeTex,  mchhiotca  TexHonoraH, 
MeHMIOTCH  HOTpeOHOCTH  H  MeHJHOTCA  mOAH,  ^OpMUpyiOipHe  nOTpeSHOCTH  H  HCnOJIb3yK)lHHe  Tex- 
hoaothh.  B  HacToaipee  Bpewa  Manue  cnyTHHKH  paccMaTpuBaiOTcn  kak  nojiHonpaBHbie  napTHepbi 
npH  npOBefleHHH  mho  rax  SKcnepHMeHTOB  b  KOCMOce,  HaoniOAennn  3cmah,  MOHHTOpHHra  oxpy- 
xcaiomeH  cpeflbi,  o6ecneqeHHH  cbjbh,  HccneflOBaHHH  najibnero  KOCMOca.  nosTOMy  cxopee  HyxcHO 
He  onpeneneHMe  TepMHHa  “ManbiH  cnyTHHK”,  a  BbineneHne  npn3HaKOB,  KOTOpbie  Jiernn  b  ocHOBy 
KJiaccHcj)HKauHH  TaKHx  KOCMHHecKHX  annapaTOB. 

IIpH3HaKH,  o^pe^eJ^slIOI^ne  Kjiacc  Majibix  cnyTiiHKOB 

CHHTaerca,  hto  npH3HaK,  Ha  6a3e  Koxoporo  h  3apoAHnocb  noHHTHe  Manoro  cnyTHHKa,  -  sto  ero 
CTOHMOCTb.  H  He  npOCTO  CTOHMOCTb,  a  HMCHHO  HU3KCW  CtnOUMOCinb.  nOXCanyH,  B  3TOM  3aKJU0HaeT- 
ca  H0BH3Ha  KJiacca  Majibix  cnyTHHKOB.  3th  cnyTHHKH  HBJimoTca  npoflVKTOM  pbiHOHHbix  b  kocmh- 
HeCKOH  HHflyCTpHH  OTHOHieHHH.  H3  HH3K0H  CTOHMOCTH  Bbn'eKaeT  HX  flOCTynHOCTb  UIHpOKOMy 
Kpyry  nonb30BaTenen  h  pa3pa6oTHHKOB,  03naHaiomaa  neo6xoAHMOCTb  Hcnonb30BaHHH  npocTbix 
TexHOJioraH,  OTHOCHTejibHO  KOpOTKoe  BpeMa  pa3pa6oTKH,  HO  B  KOHeHHOM  HTOTe  -  3T0  OOTTb  >I<e 
CTOHMOCTb  npoeKTa,  BKJHOHafOLAaa  CTOHMOCTb  pa3pa6oTKH,  h3toto bachha  h  sanycxa  cnyTHHKa. 
noneMy  ace  hmchho  ManbiH  cnyranK  yflOBJieTBopaeT  3T0My  KpirrepHio?  HecKonbKO  c|)aKTopoB 
cnoco6cTByioT  3T0My.  CHHxceHHe  Maccw  cnyTHHKa  0AH03HaHH0  bjichct  yMeHbineHHe  ctohmocth 
3anycKa  KaK  HanpAMyio  H3  pacneTa  peHbi  buboas  KnnorpaMMa  Beca  Ha  op6nTy,  TaK  h  H3-3a  bo3- 
moachocth  HcnoAb30BaHHA  nonyTHoro  3anycxa,  a  Taxxce  nencux,  b  nacrHOCTH,  KOHBepcHOHHbix 
HOCHTejien.  Kctath,  eBponencKaa  rnKana  Manbix  cnyTHHKOB  coothochtch  hmchho  c  bo3moacho- 
ctamh  3anycKa  (TaSnnua  1). 


Ta6jiHna  1 .  KnaccHctmKapHa  Manbix  cnyTHHKOB 


1000  -  500  kt 

500  -  100  k r 

100  -  10  KT 

10  -  1  Kr 

1  -  0  KT 

MHAHCnyTHHKH 

MHHHCnyTHHKH 

MHKpocnyTHHKH 

HaHoerryTHHKH 

IlHKOCnyTHHKH 

B  HacraocTH,  MHKpocnyTHHKH  6hah  opneHTHpOBaHbi  Ha  3anycK  nonyTHO  paKeTon  ApnaHa-4  Ha 
nepexoAHOH  nnaT^opMe  ASAP.  Boo6me,  npHHsrro  cHHTaTb,  hto  ManbiH  cnyTHHK  -  sto  annapaT 
Maccon  He  6onee  HecKOAbKHx  coTen  KHnorpaMM,  pa3MepaMH  -  a o  MeTpa,  3HepreraKOH  -  He  6onee 
COTeH  BaTT,  CTOHMOCTbK)  -  AO  H6CK0AbK0  AOCATKOB  MHAAH0H0B  AOAAApOB  CHIA.  THnHHHbIM  MHK- 
pOCnyTHHKOM  ABAACTCA  CnyTHHK  Uosat,  H3rOTaBAHBaeMbIH  aHTAHHCKOH  (JlHpMOH  SSTL.  Ero  Macca 
okoao  60  Kr,  pa3Mepbi  45x45x60  cm,  ctohmocth  “Bcero”  HecKOAbKO  mhaahohob  nonnapoB.  K  th- 
nHHHbiM  HaHoenyTHHKaM  mo>kho  OTHecra  cnyTHHK  Munin,  pa3pa6aTbiBaeMHH  uibcackhm  Hhcth- 
TyTOM  KOCMHHecKOH  (J)h3hkh.  Ero  Macca  OKOAO  5  Kr,  Kopnyc  HMeeT  <J>opMy  Ky6a  c  pe6poM  20  cm. 

HcnoAb30BaHne  CTaHAapTHbix  3AeMeHTOB  ripn  pa3pa6oTKe  h  H3roTOBAeHHH  Manoro  cnyTHHKa, 
6bITb  MO>KCT  Aaxce  npeAHa3HaH6HHbIX  AJM  HCn0Ab30BaHHA  B  HeKOCMHHeCKHX  OTpaCAHX,  CHHACaeT 
ero  CTOHMOCTb.  3to  othochtch  k  SAeicrpoHHKe,  onraxe,  sneMeHTaM  paAnoannapaTypbi.  HMetomee 
MecTO  B03MO>Kiioe  CHHXceHHe  HaAOKHOCTH  cnyTHHKa  npn  3tom  KOMneHcnpyeTca  pe3KHM  yAe- 
uieBAeHHeM  cnyTHHKa  h  bobmoachoctbio  peaepBiipoBaHHa  He  OTAenbHbix  chctcm,  a  cnyTHHKa  pe- 
ahkom.  Ilpn  HH3KOH  ctohmocth  H3roTOBAeHHx  h  3anycxa  OTAeAbHoro  cnyTHHKa  CTaHOBHTCH  peAe- 
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coo6pa3HbiM  noaqepJKaHHe  haacachoctm  kocmmhcckoh  cncTeMbi  hmchho  takhm  nyreM.  TeM  ca- 
MblM,  HHTeHCHBHOe  pa3BHTHe  3AeKTpOHHbIX  TeXHOJIOPHH,  HCnOJIb3yeMbIX  npH  C03^aHHH  KOMnO- 
HeHT  cjiy>Ke6Hbix  chctcm  h  3jieisieHT0B  nojiesHOH  Harpy3KH,  npHBopHT  k  TOMy,  hto  craHO butch 
u;ejiecoo6pa3HbiM  hath  no  nyrn  ynpomeHHx  chctcm  cnyTHHKa  h,  xax  sto  hh  napaAoxcajibHO  3By- 
hht  -  cHHxceHHK)  hx  HaAOKHOCTH.  B  caMOM  Aejie,  3ancM  rapaHTHpOBaTb  pa6oTOcnoco6HOCTb 
cnyTHHKa  b  TeneHHe,  HanpHMep,  acchth  act,  ecAH  nepe3  napy  act  3AeKTpoHHbie  KOMnoHeHTbi  mo- 
ryr  6biTb  3aMeHenbi  KOMnoHeHTaMH  CAeAyramero  noKOAeHHH.  npHMepoM  mokct  cnyxcnTb  cmya- 
Ahh  Ha  pbiHKe  MHKponpopeccopoB.  H  b  3tom  cAynae,  no-BHAHMOMy,  skohomhhcckh  peAecoo6pa3- 
ho  co3AaBaTb  AemeBbie  npocTbie  cnyTHHKH  c  othochtcabho  kopotkmm  cpOKOM  cymecTBOBaHHH  h 
nepnoAHHecKOH  3aMeHOH  hx  Ha  opoirre.  Kohchho,  stot  Te3HC  He  moacct  6biTb  pacnpocrpaHeH  Ha 
Bee  Manbie  annapara.  HanpHMep,  cnyTHHKH,  npeAHa3HaneHHbie  ajih  hccacaobahha  AaAbHero  koc- 
Moca,  BpHA  ah  moacho  3aMeHHTb  ncpe3  napy  act  rAe-HH6yAb  b  panone  opSHTbi  lOnmepa.  Moryr 
cyipecTBOBaTb  h  Apyrne  orpaHKHeHHA  Ha  B03M0xcH0CTb  3aMeHbi  cnyTHHKa,  HanpHMep,  yHHKaAb- 
Hoe  naynHoe  oGopyAOBaHHe  Ha  6opTy  cnyTHHKa  hah  HeoGxoAHMOCTb  BbinoAHeHHx  AJiHTeAbHbix 
SKcnepHMeHTOB  h  T.n. 

CHH>KeHHe  CTOHMOCTH  pa3pa60TKH  H  H3T0T0BAeHHH  AO  HeCKOAbKHX  MHAAHOHOB  AOAAApOB  H  3a- 
nycxa,  cxaxceM  b  xanecTBe  nonyrHoro  rpyaa,  -  ao  HeCKOAbKHX  cotch  tmcah  AOAAapOB  acaact  hx 
AOCTynHbIMH  AAA  yHHBepCHTCTOB  H  He60AbHIHX  <|)HpM  6e3  4>MHaHCHpOBaHHH  CO  CTOpOHbl  HapHO- 
HaAbHbix  KOCMHHecKHx  areHTCTEi.  B  takoh  CHTyapHH  cnyn-iHK  moacct  6biTb  Hcn0Ab30BaH  He  toab- 
ko  win  BbinoAHeHHA  nepcoHaAbHOH  sapann,  Ha  h  caM  cnyTHHK  moacct  6brrb  nepcoHaAbHbiM  h  Aaxce 
nacTHbiM.  B  coBpeMeHHOH  skohomhacckoh  CHTyapHH,  KorAa  hact  noBceMecTHoe  coKpaiperoie 
pacxoAOB  Ha  KOCMHnecKHe  hcca eAO bahha,  paccHHTbiBaTb  Ha  AOAroBpeMCHHbie  cjniHaHcoebie  bao- 
AceHHA  Bpap  ah  phckhct  3ApaBOMbiCAaxAHH  pa3pa6oTHHK  h  co3AaTeAb  KOCMHHecKHx  annapaTOB. 
IIo3TOMy  ah6o  -  6eAHoe  SiopAceTHoe  (JiHHaHCHpoBaHHe,  ah6o  -  nacTHbie  hhbccthphh  npn  ycAO- 
bhh  6bicTpoH  peaAH3apHH,  6ypb  to  KOMMepnecKHH  hah  HayHHbiH  npoeKT.  CnepyCT  oco6o  noA- 
HepKHyrb  3HaHHM0CTb  coKpaipeHHA  cpoKOB  pa3pa6oTKH.  Hx  coKpaipenHe  acaact  cnyrHHK  npn- 
BAeKATeAbHblM  TAKACe  H  C  TOHKH  3peHHA  HCn0Ab30BAHHA  COBpeMCHHblX  TeXHOAOTHH,  KOTAA  TOAbKO 
hto  noABHBmuecA  Ha  pbiHKe  HaynHbie  h  TexHOAornnecKHe  hack  Moryr  6biTb  TOTnac  anpoSnpOBa- 
Hbl  B  yCAOBHAX  KOCMOCa. 

HTaK,  OCHOBHbIM  nepBHHHbIM  npH3HAKOM  MaAbIX  CnyTHHKOB  ABAACTCA  HX  CTOHMOCTbK)  MaAbie 
pa3MepbI  H  Bee  MOACHO  OTHeCTH  KO  BTOpHHHbIM  npH3HaKAM.  IIo  HAAHHHK)  BTOpHHHbIX  npH3HaKOB  K 
ManbiM  cnyTHHKa  moacho  othccth  annapaTbi,  KOTOpbie  bo3hhkah  b  cba3h  c  pa3BHTHeM  h  BHeApe- 
HHeM  B  npAKTHKy  CO BpeMeHHbIX  TeXHOAOrHH.  3t0  eCTeCTBeHHbIM  o6pa30M  npHBOAHT  K  C03A&HHIO 
Ha  hx  6a3e  npnSopOB  h  oSopypoBaHHA,  xapaKTepH3yiomHXCA  MaAbiMH  pa3MepaMH,  Maccon  h 
3HepronoTpe6AeHHeM.  TeM  caMbiM,  cnyTHHKH,  co3AaBaeMbie  Ha  6a3e  takhx  tcxhoaothh,  abaaiot- 
ca  MaAbiMH  no  pa3MepaM  h  Macce.  Hto  xacaeTCA  ctohmocth  h  BpeMeHH  pa3pa6oTKH,  to  co3AaTe- 
Aefi  TaKHx  MaAbix  annapaTOB  CTOHMOCTb  pa6oTbi  abaactca  BaxcHbiM,  ho  He  onpeACAAioipHM  KpHTe- 
pneM.  “MaAOCTb”  annapaTa  abaactca  AHinb  ero  ecTecTBeHHbiM  BHeniHHM  npH3HAKOM.  C  stoh 
TOHKH  3peHHA  CnyTHHKH  C  yKa3AHHbIMH  npH3HAKAMH  MOACHO  OTHCCTH  K  MaAbIM  C  H3BeCTH0H 
AOach  CKenTHpH3Ma.  MeHTaAHTCT  opraHH3apHH,  pa3pa6aTbiBaiomHH  takoh  “Manbiii”  cnyTHHK, 
ropa3Ao  Sahacc  k  MeHTaAHTeTy  opraHH3apnH,  3ahatoh  pa3pa6oTKOH  TpaAHpHOHHbix 
KOCMHHecKHx  annapaTOB. 

O  cnocoSax  chhacchhh  ctohmocth  npoeKTa  MaAoro  cnyTHHKa 


CymecTByeT  HecKOAbKO  oioco6ob  chhacchha  ctohmocth  MaAoro  cnyTHHKa.  HeKOTOpbie  cnoco6bi 
6biAH  ynoMAHyrbi  Bbiuie.  Otmcthm  eipe  HecKOAbKO  cnocoGoB. 
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-  Co3«aHHe  yHH^KUHpOBaHHOH  njiartJjopMH,  hto  rioaBOJiaeT  pacnpeAeAHTb  ctohmoctb  pa3pa6oTKM 
h  HcnbrraHHH  cnyTHHxa  Ha  paA  OAHOTHnHbix  o6bexroB. 

-  Hcnojib30BaHHe  yHH(|)HHHpoBaHHbix  flerajiCH,  Hepe/jico  npHMeHaeMbix  He  b  kocmhmcckoh  npo- 
MblUIJieHHOCTH,  HTO  nO3B0AAeT  CHHSHTb  CTOHMOCTb  3a  CHeT  COXpaiH,eHHH  3aTpaT  Ha  HX  pa3pa60T- 
Ky  H  HCnblTaHHH. 

-  Hcnojib30BaHHe  ajieMCHTOB  H3  KOCMHnecKOH  HH^ycTpHH,  yxce  npomeAHiHX  ncnbiTaHHa  h  OTpa- 
6oTKy  Ha  flpyrnx  cnyTHHKax. 

-  Tlpn  npoBeAeHHH  HcnwTaHHH  xaxHX-AHfio  npw6opoB  Hcnojib30BaHHe  b  xanecTBe  necyuieH  koh- 
CTpyKHHH  caM  npwGop,  a  ero  3AeMCHTbi  -  no  bo3mo>xhocth  b  xanecrBe  SAeMeirroB  cnyTHHxa.  B 
3tom  cjiyiiae  (JiaxTHnecxH  cnyTHHx  He  pa3pa6aTbiBaeTca,  a  npH6op  Jinuib  AonoAHaeTca  MHHHMaAb- 
HblM  KOAHHeCTBOM  (J)yHXlJHOHaAbHbIX  3JieMeHTOB,  HTo6bI  CTaTb  “cnyTHHXOM”. 

-  Hcnojib30BaHne  aaa  BbiBOAa  nonyrabiH  sanycx  hah  KOHBepcHOHHyio  paxeTy  b  xanecTBe  hochtc- 
jia.  OAHaxo  nepcneKTHBHOCTb  aroro  nyTH  cennac  cTaBHTca  noA  coMiiein-te,  Tax  xax  c  pa3BHTneM 
pbmxa  noTeHpHajibHbix  noAb30BaTeAeii  nonyTHoro  3anycxa  BjiaAeJibpbi  cpeACTB  BbiBOAa  paccMaT- 
pnBaiOT  Majibie  cnyTHHXH  xax  paBHonpaBHyio  c  ochobhhm  cnyTHHXOM  noAe3HyK)  Harpy3xy.  Ohh 
pacnpeAeAHiOT  ctohmoctb  3anyc-xa  Ha  ocHOBHyio  h  nonyTHyio  3arpy3xy  nponoppHOHajibHO  Becy. 
Xotm  b  3tom  cjiynae  cymecTByer  npaMaa  aaHHTepecoBaHHOCTb  roroTOBHTeAeH  cnyTHHxa  cHH>xaTb 
ero  Bee  h  eerb  bo3mokhoctb  coxpaTHTb  BpeMH  oxHAanna  3arrycxa. 

CymecTBeHHbTM  (J)axTopoM,  BAHaiomHM  Ha  ctohmoctb  cnyTHHxa,  abahiotca  naxjiaAHbie  pacxoAti 
npeAnpHaTHa,  rAe  pa3pa6aTbiBaeTca  h  H3roTaBJiHBaeTca  cnyTHHx.  Ha  stom  Bonpoce  u;ejiecoo6pa3- 
ho  ocTaHOBHTbca  HyTb  noApo6nee.  TpaAHU,HOHHO  pa3pa6oTxon  h  H3 totob jieHHeM  xocMHHecxnx 
annapaTOB  b  Pocchh  h  Apyrwx  crpanax  3aHaTbi  npeAnpHaTHa-MOHCTpbi  c  hhcjiom  coTpyAHHXOB  b 
HecxojiBXHx  AecHTXOB  Tbican.  3xo  6bmo  BnoAHe  onpaBAAHO  Ha  3xane  ctaho b JieHHa  xocmhhccxoh 
HHAycTpHH  h  pa3pa6oxxH  xpynHbix  npoexxoB,  b  nepHOA  uinpoxo  HHTepeca  oSmecTBa  x  ocBoennio 
xocMOca,  xorAa  xaacAbiH  mxoabHHX  3Haji  HMeHa  Bcex  xocMOHaBTOB.  3to  BpeMa  coBnaao  c  nepno- 
AOM  HHTeHCHBHOH  TOHXH  BOOpyACCHHA.  TOAbXO  XOHHeHTpapHeH  yCHAHH  60JIbHIHX  XOAAeXTHBOB 
mojkho  6buio  peuiHTb  cTOJib  cjio>KHbie  3aAaHH  b  xpaime  oxaTbie  cpoxH.  B  HacToamee  BpeMa  ot- 
cyTCTByeT  CTOJib  Momnaa  (fwiiancoBaa  noAAepacxa  b  Jinpe  roc3axa3a.  KoMMepnecxHH  pbiHox  xoc- 
MHnecxHX  ycayr  b  Pocchh  naxoAHTca  b  3aHaTOHHOM  cocToaHHH  h6o  Te,  xoMy  HyacHbi  3th  ycAyrn, 
He  b  cocToaHHH  onaaHHBaTb  hx,  a  xeM,  kto  moacct  oniiaHHBaTb  -  yenyra  Haninx  xocMHnecxHx 
^)HpM,  b  o6iAeM-To,  He  oneHb  h  HyacHbi.  B  sthx  ycaoBHax  nonbiTxa  opraHH30BaTb  pa3pa6oTxy  h 
npoH3BOACTBO  Majibix  cnyTHHXOB  noTepiiHT  tjmacxo.  3to  moacho  oSbacHHTb  no-pa3HOMy.  Si  bh>kv 
cjieAyioiHyK)  ocHOBHyio  npHHHHy.  OHa  Aexarr  He  b  HaynHon,  HH>xeHepHOH  h  Aaace  He  b  TexHOJio- 
rHHecxoH  naocxocTH.  OHa  3axaiOHaeTca  b  (jjyHXHHOHajiax,  xoTopwe  hco6xoahmo  orrraMH3HpoBaTb 
npn  pa3pa6oTxe  h  npo h3bo actbc  MaAbix  cnyTHHXOB.  HtoSw  noAAep>xaTb  b  HaAAeacameM  coctoa- 
hhh  6oAbuiyio  opraHMsauHK)  en  TpeSyiOTca  o6beMHoe  (jjHHancnpoBaHHe,  ynacTHe  b  6oAbiHHx 
npoexTax,  ocBoeHHe  xpynHbix  <|)HHaHCOBbix  h  MaTepnajibHbix  cpeACTB.  JJjih  hx  noAyneHHa  Tpeoy- 
eTca  HapaAy  c  ApyrHMH  4)aKT0PaMH  HajiHHHe  aBTop ht eTa  opraHH3anHH  cpeAH  en  noAo6Hbix  op- 
raHH3apHH.  Xcho,  hto  yHacrae  b  npoexTax  MaAbix  cnyTHHXOB  BpaA  ah  noBbimaeT  peiiTHHr  6oAb- 
rnoro  npeAnp hatha  aaa  noAyHeHna  6oAbiuoro  3axa3a.  BoAee  Toro,  ynacTHe  b  tbxhx  npoexxax 
MoaceT  cxa3aTbca  OTpnpaTeAbHO,  xoneTiio,  ecAH  penb  He  hact  o  xpynHbix  npoexTax,  BXAioHaio- 
iahx  xax  cocxaBHbie  nacTH  Majiopa3MepHbie  annaparbi.  “Hto-to  tm,  HBaH  PlBanbiH,  3aHAAca  mcao- 
neBKOH.  Cepbe3Hbiio  npoexTbi  y>xe  He  no-nAeny  craAH,”  —  noACMeHBaacb,  cxaxceT  oahh 
FeHepanbHbiH  ApyrOMY  TeHepaAbHOMy.  PI  6yACT  npaB.  Xopomo,  ecAH  yAacTca  noAynHTb  cpa3y 
HecxoAbxo  3axa30B  Ha  cepnio  OAHOTHnHbix  cnyTHHXOB.  HanGonee  npneMAeMO  aaa  SoAbiuoro 
npeanpHATHa  noAyiHTb  3axa3  Ha  bbiboa  Ha  op6HTy  cepnn  cnyTHHXOB.  CymecTByei  HexoTopbiH 
MHHHMAJibHbiH  o6beM  3axa3a,  npn  xotopom  ero  BbinoAHeHHe  eme  peHTaSeAbHO  aaa  SoAbinoro 
npeAnpHATHa.  IIpeAnpHaTHe  ace,  pa3pa6aTbiBaioiAee  MaAbiii  cnyTHiix,  aoaacho  HcnoBeAOBaTb  npa- 
mo  npoTHBonoAoacHbiH  npHHunn:  pa3pa6aTbiBaeMbiH  cnyTHHx  aoaacch  6biTb  MaxcHMaAbHO  Aeme- 
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BbIM.  H6o  TOJIbKO  B  3T0M  CJiyHae  OH  6yACT  KOHKypeHTHO  Cn0C06HbIM  Ha  pbIHKe  MajIbIX  CnyTHHKOB, 
rfle  noSe^a  AoexaHexca  Gojiee  AemeBOMy  npoeicry.  Bojiee  xoro,  b  6oAbinoM  3aKa3e  xaxoe  npeA- 
npHBTHe  Moacex  3axjie6HyTbca,  yxepxxb  raSKOCTb  hojihthkh  MeneAacMeHxa  h  B03MoxcHocxb  6bicx- 
poii  aAanTauHH  k  6bicTpo  MeHHiomeMycA  pbiHKy.  Bo3HHKaeT  Bonpoc:  hto  >xe  axo  aoaacho  6biTb  3a 
npeAnpHATHe? 

Ha  axane  cxpyxxypHOH  nepecxpofiKH  kocmhhcckoh  HayKH  h  npoMbiniAeHHocxH  GyAyT  poxcAaxbCA 
h  yMHpaxb  pa3AHHHbie  opraHimuHOHHbie  c|jopMbi  h  xax  b  npwpoAe  Hap»Ay  c  opjiaMH  cymecxByiox 
KOAIl6pH,  xax  H  B  KOCMHHeCKOH  npOMbllHACHHOCXH  AOAXCHbl  CyiH,eCXBOBaXb  HapAAy  c  MOHCXpaMH, 
peajiH3yiomHe  CAoacHbie  AoporocxoamHe  npoeKXbi,  He6oAbiiiHe,  bhahmo  nacxHbie  (JwpMbi,  pa3pa- 
SaxbiBaioiAHe  MaAbie  AemeBbie  cnyxHHKH.  npaBAa,  Me>i<Ay  npnpoAOM  h  npOMbiuiAeHHOCXbio  cyme- 
cxByex,  no  KpaHHefi  Mepe,  oaho  cyiAecxBeHHoe  oxAHHHe  -  npHpoAa  3B0AK)UH0HHp0BaAa  m Horne 
xbiCHneAexHa,  ho  npoMbiuiAeHHOcxn  abb  ee  nepecxpoHKH  He  oxnymeHbi  cxojib  AJinxejibHbie  npo- 
Me>xyxKH  BpeMeHH.  He  cuynaHHO  MHorne  npoeKXbi  MaAbix  cnyxHHKOB  BbiuiAH  H3  cxeH  yHHBepcn- 
xexoB  h  KOAAeAxcefi,  rAe  paSonaa  cnaa  -  cxyAeHXbi  h  acnHpaHXbi  -  oxHocnxeAbHO  AeuieBaa,  Hano- 
rooSAOxceHHe  -  maAamee,  a  MeHxaAHxex  Sonee  thSkhh.  He  CAeAyex  xaKace  3a6biBaxb,  hxo  aaji 
yne6Horo  3aBeAeHHx  neyAanubin  3anycx  cnyxHHxa  He  abaacxca  cxoAb  CHAbHbiM  yAapoM  no  npe- 
cxHxcy,  xax  axo  6yAex  aaa  hmchhxoh  kocmhhcckoh  (jmpMbi.  A  c  tohkh  speHiia  npnoSpexeHHa 
onbixa  HeyAaHHbiH  3anycK  Moacex  OKa3axbca  6oAee  GoraxbiM  hcxohhhkom  3HaHHH,  neivt  ycnem- 
Hbifi.  Bo  BceM  MHpe  HMeHHO  xaKHM  nyxeM  h  HAex  pa3BHXHe  MaAbix  AeuieBbix  cnyxHHKOB.  Cae- 
AyiouiHM  axan  -  axo  opraHH3apHA  cjuipM  npH  yHHBepcHxexax,  a  3axeM  -  OTACAbHbix  nacxHbix  cJ)npM 
co  rnxaxoM  HecKOAbKO  AecaxKOB  coxpyAHHKOB.  TaKne  (JmpMbi  He  b  cocxoahhh  npoH3BecxH  cnyx- 
hhk  ox  Hanana  h  ao  Konna.  Ochobhoc  HanpaBAeHne  hx  AcaxeAbHOcxn  b  pa3pa6oxKe  npoexxoB  Ma¬ 
Abix  cnyxHHKOB  3aKAK)Haexca  b  c6opKe  cnyxHHKOB  H3  roxoBbix  SAeMenxoB.  B  6oAbiiMHCxBe  CBoeM 
ohh  npnoSpexaioxcH  Ha  pbiHKe  roxoBoro  KOCMHHecKoro  oSopyAOBaHHa.  H,  Moacex  6bixb,  caMO- 
cxoaxeAbHO  H3roxaBAHBaioxca  AHinb  oxAeAbHbie  SAeMeHTbi  cnyxHHKa.  HpeAnpnaxHe  3aBeAOMO  He 
AOajkho  6brrb  6oAbiiiHM,  opHeHXHpyioiAeMCH  Ha  BbinoAHeHne  AoporocxoaiAHx  rocyAapcxBeHHbix 
hah  KOMMepnecKHX  3aKa30B.  CymecxBeHHbiM  (JiarropoM,  cnoco6cxByiomHM  bo3mo>khocxh  He- 
6oAbiiiHx  cjiHpM  caMocxoaxeAbHO  H3roxaBAHBaxb  h  BbiBOAnxb  Ha  op6nxy  MaAbie  cnyraHK,  aBAaexca 
pbIHOK  oSopyAOBAHHa,  KOMnAeKXyiOIAHX  H  CpeACXB  HX  BbIBOAa. 

llpUHHHbl  nOHBAeHHH  MSJlblX  CnyTHHKOB 

nO-BHAHMOMy,  MOJKHO  OXBCXHXb  Ha  3XOX  BOnpOC  KpaXKO  -  3K0H0MHHeCKHe  yCAOBHA  B bIHy JKAaiOX,  a 
xexHOAorHH  no3BOAaiox  co3AaBaxb  npn  oxHOCHxeAbHO  HeBbicoKHX  3axpaxax  MaAbie  cnyxHHKH, 
cnocoSHbie  pernaxb  sanami  pa3AHHHOH  cxeneHH  caojkhocxh. 


Ilam;iMenne  MaAbix  CnyTHHKOB 

Kax  npaBHAo,  na3naHeHHe  MaAbix  cnyxHHKOB  -  axo  pemeHHe  HayHHbix,  xexHOAOTHHecKHx,  o6pa30- 
BaxeAbHbix  3aAan,  npoBeAeHHe  3KcnepHMeHX0B,  He  xpeSyioiAHx  npei4H3HOHHOH  opneHxanHH  b 
npocxpaHcxBe  Ha  AAHxeAbHbix  HHxepBaAax  BpeMeHH  h  3HaHHxeAbHOro  3anaca  pa6onero  xeAa  hah 
SHeprHH  Ha  6opTy,  pexpaHCAanHOHHaa  CB»3b  MexcAy  KoppecnoHAeHTaMH,  HanpHMep,  cjiHHaHcoBbi- 
mh  nempaMH,  GnpacaMH,  paAHOAK)6HxeAHMH,  SKcneAHHHAMH,  HcnoAb30BaHHe  b  nponecce  ooyne- 
hha,  c6op  h  nepeAana  HHc^opMauHii  c  aBTOMaxHnecKHx  H3MepHxeAbHbix  nyHKxoB,  3aAann  skoao- 
rHHecKoro  MOHHxopHHra,  AHarHocxHpOBaHHA  cpeABi  b6ah3h  SoAbuiHX  KOCMHnecKHX  annapaxoB  h 
MHoroe  Apyroe.  OxHOCHxeAbHO  HH3Kaa  exoHMoexb  MaAbix  cnyxHHKOB  h  hx  BbiBOAa  Ha  opSHxy  no- 
3boaak)x  BBecxH  Ay^JinpoBaHne  Han6oAee  ya3BHMbix  nacxeH  KOCMHHecKoro  cerMeHxa  nyxeM  3a- 
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nycica  OAHOTHnHbix  annapaTOB.  3thm  noBbimaerca  Ha^excHOCTb  KOMnjieKCOB,  BKAioHaioiAHX  Ma- 
jibie  cnyTHHKH. 

Hto  KacaeTca  KpynHbix  kocmhhcckhx  (jinpM,  to  TCXHUMCCKHe,  cjinnaHCOBbie,  3KOAoraiiecKHe  npo- 
SireMbi,  B03HHKaioui;He  npH  HcnoAbsoBaHHH  opSuTajibHux  cxaHAHH,  xpaHcnopTHbix  Kopa6iieH,  ta- 
xcejibix  MHorouejieBbix  cnyTHHKOB,  3acTaBjiafOT  h  hx  HcxaTb  AonoAHHTeAbHbie  bo3moachocth  aaa 
peineHHa  HayHHO-HccjieflOBaTejibCKHX  h  HapoAHOXosxncTBeHHbix  saflan  b  xocMOce.  Majibie  cnyT¬ 
HHKH  ABAAK>TCA  He3aMeHHMbIMH  nOMOIAHHKaMH  H  B  3TOH  oSjiaCTH.  B  OnpeflejieHHbie  nepHOABI 
BpeMeHH  pa3pa6oTKa,  co3ASHHe  h  3KcnAyaTapHA  Manbix  cnyTHHKOB  no3B0JWK>T  KpynHbiM  (JwpMaM 
He  TOJibKO  nojiynaTb  npnSbiJib  npn  oiHOCHTejibHO  KpaTKoepoHHOM  o6opoTe  KanHTara,  ho  h  hto 
MoaceT  OKa3aTbca  Han6onee  BaacHbiM  -  npoAOAXcaTb  HayHHO-HCcaeAOBareJibCKHe  h  nepcneKTHBHbie 
KOHCTpyKTOpCKHe  pa3pa60TKH.  HeCMOTpH  Ha  yCTOHHHBOCTb  cnpoca  Ha  MHpOBOM  pbIHKe  cnyTHH¬ 
KOB,  MHorae  3KcnepTbi  CHHTaiOT,  hto  bo3moachocth  ero  Aa.abHenmero  pa3BHTHA  orpaHHHHBaiOTca 
raSapHTaMH,  cAoacHocTbio,  bhcokoh  CTOHMOCTbio  coBpeMeHHbix  KOCMHHecKHx  annapaTOB  H 
CpeACTB  BbIBeAGHHA  HX  Ha  Op6my.  CHHXeHHe  Maccbl  BbIBOAHMbIX  cnyTHHKOB  n03B0AHA0  6bl  He 
TOAbKO  yBeAHHHTb  CyMMapHOe  KOAHHeCTBO  OAHOBpeMeHHO  BbIBOAHMbIX  CIiyTHHKOB,  HO  CAeAaAO 
B03M0>KHbiM  HcnoAb30BaHHe  aaa  hx  BbiBOAfl  neSoAbiiiHe  KOHBepcnpyeMbie  paxeTbl. 

PeaAH3QBaHHbie  h  nepcneKTHBHbie  npocKTbi  MaAbix  chvthhkqb  b  Pocchh 

IIoAaBAHKHAee  6oAbuiHHCTBO  npoeicroB  MaAbix  cnyTHHKOB,  pa3pa6aTbiBaeMbix  b  nocAeA- 
Hee  BpeMa  b  Pocchh,  HanpaBAeno  Ha  co3AaHHe  chctcm  peraoHaAbHon  h  MeacperaoHaAbHOH 
CnyTHHKOBOH  CBA3H.  CymeCTByiOUIHH  AecjlHHHT  CpeACTB  CBA3H  nOHCTHHe  OrpOMHblH  H,  HeCMOT- 

pa  Ha  oneBHAHyio  ahkbhahoctb  sroro  cerMeHTa  pbiHKa,  oh  ocTaeTca  npaKTHHecKH  He3anoA- 
HeHHbiM.  OrcyTCTBHe  KpynHbix  AOAroBpeMeHHbix  hhbccthahh,  HanpaBAaeMbix  Ha  pa3BHTHe 
KOCMHHeCKOH  TeXHHKH,  3aCTaBAaeT  pa:ipa60THHK0B  CpeACTB  CBA3H  HCKATb  AemeBbie  H  He 
TpeGyiomne  mhopo  BpeMeHH  Ha  npoeKTHpOBaHne  h  co3a&hhc  annapaTbi  noAxoAti.  Ilo  ctoh- 
MOCTH,  npOAOAACHTeAbHOCTH  pa3pa6oTKH  H  Cn0C06y  BbIBOAa  Ha  OpSHTy  3THM  yCAOBHAM  HaH- 
AynmHM  o6pa30M  yAOBAeTBOpaiOT  MaAbie  cnyTHHKH.  EbiTb  MoaceT  H3-3a  h e a o ctato h h o h  moiaho- 
CTH  HCTOHHHKOB  SAdCTpO  nHTaHHA,  MaAbIX  AO ny CTHMbIX  OObeMOB  H  Maccbl  6opTOBOTO  o6opy- 
AOBaHHA  TAKHe  cnyTHHKH  HCnOAb3yiOTCa  npeHMyiAeCTBeHHO  AAA  C03AaHHa  HH3KOOp6HTaAb- 
Hbix  CnyTHHKOBblX  CHCTeM  CBA3H.  OxBaT  BCCX  TpeSyeMbIX  TeppHTOpHH  Ha  nOBepXHOCTH  3eMAH 
AocrnraeTca  pa3MemeHHeM  cnyTHHKOB  Ha  npnnoAapHbix  0p6nTax.  HH3KOOp6nTaAbHbie  chc- 
TeMbl  n03BOAaiOT  He  TOAbKO  yAOBACTBOpHTbCa  HMeiOIAHMHCa  B03MOaCHOCTAMH  AAA  pa3MemeHHa 
SopxoBoro  oSopyAOBaHHa,  ho  h  HcnoAb30BaTb  MaAOMOiAHbie  nopTaTHBHbie  Ha3eMHbie  npneMO- 
nepeAaioiAHe  ycTponcTBa.  CBa3b  Meag^y  KoppecnoHACHTaMH,  HaxoAAiUMMHca  3a  npeAeAaMH  30- 
Hbi  bhahmocth  oahoto  cnyTHHKa,  ocymecTBAaeTca  ah6o  TpaHcnoprapoBKOH  cooSiachha, 
3aHeceHHoro  b  naMATb  SopTOBoro  KOMnbiOTepa,  ao  30Hbi  bhahmocth  KoppecnoHACHTa  no 
THny  SAeKTpoHHOH  noHTbi,  ah6o  opraHH3auHCH  MeaccnyraHKOBOH  cba3h.  IIocAeAHee  no3BOAa- 
eT  ocymecTBHTb  CBa3b  b  peaAbHOM  MacuixaSe  BpeMeHH  MeacAy  AioSbiMH  tohkamh  3eMHoro 
map  a.  HcnoAb30BaHne  HH3KOop6HTanbHbix  cnyTHHKOB  Ha  npnnoAapHbix  opSHTax  no3BOAaeT 
bo  mho  rax  CAynaax  OTKa3aTbca  ot  Ta^eAbix  h  AoporocToauiHX  reocTapHOHapHbix  cnyTHHKOB. 

,Qpyroe  hhtchchbho  pa3BHBaeMoe  nanpaBAeHHe  npHMeHeHna  MaAbix  cnyTHHKOB  —  hx  ncnoAb30- 
BaHwe  aaa  neAen  MOHHTopHHra  OKpya<aiomen  cpeAbi  h  HaSnioAeinia  3a  noBepxHOCTbio  3eMAH. 
HH3Koop6nTaAbHbie  cnyTHHKH  Han6oAee  npHcnoco6AeHbi  aaa  pemeHHa  sthx  3aAan.  HcnoAb30Ba- 
HHe  COBpeMeHHbIX  TeXHOAOTHH  AAA  perHCTpailHH  npHHHMaeMOFO  CHTHaAa  C  BbICOKHM  BpeMeH- 
HbiM  h  npocTpaHCTBeHHbiM  paspeiueHHeM,  no3BOAaeT  0TKa3aTbca  ot  cAoacHbix  AOporocToaninx 
CHCTeM  opneHTauHH  h  CTa6HAH3auHH  yraoBoro  abhxcchha  cnyTHHKa  h  eipe  Ha  oahh  mar  npn6AH- 
3HTbca  k  npHMeHeHHio  MaAbix  annapaTOB. 
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B  Pocchh  Ha  npoTJDKeHHH  Bcero  BpeMeHH  CTaHOBjieHHa  h  pa3BHTHH  KOCMOHaBTHKH  paapaSaTbiBa- 
JIHCb  H  BbIBOAHJIHCb  Ha  Op6HTy  Majlbie  CnyTHHKH.  B  OCHOBHOM  3TO  6bUIH  paflHOJIK)6HTejIbCKHe  H 
3KcnepHMeHTajibHbie  cnyTHHKH,  Ha  KOTopbix  OTpa6aTbiBajiHCb  OT«ejibHbie  sjieMeHTbi  KOHCTpyKnun 
h  npHSopbi.  BacTHMHO  HeKOTOpwe  H3BecTHbie  npoeKTbi  pocchhckhx  iviajibix  cnyranKOB  npuBe/te- 

Hbl  B  [1],  B  OCHOBHOM  OHH  OTHOCHTCH  K  paspHAy  CB5I3HbIX  annapaTOB  H  CnyTHHKOB  AHCTaHUHOHHO- 
ro  30HAHp0BaHH». 
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Abstract 


Extremely  scanty  financing  of  space  science  and  industries  in  Russia  could  result  in  loss  of  the 
powerful  position  by  our  country  among  “space  country  club”.  No  sensible  head  of  large  space 
enterprise  could  believe  to  get  goverment  rich  orders  which  have  allowed  to  support  his  enterprise 
to  float  across.  The  participation  in  large-scale  international  space  projects  is  destiny  of  separated 
enterprises.  In  order  to  get  the  opportunity  to  participate  in  such  projects,  the  permanent  progress 
ahead  in  scientific  and  technological  development  is  necessary.  The  exclusive  circle  is  generated 
that  is  the  perfection  of  technological  base  requires  the  investments.  To  get  them  is  possible  only 
using  competitable  technologies.  One  of  particular  way  of  overcoming  of  these  difficulties  consists 
in  design  of  small  spacecrafts  on  the  basis  of  modern  technologies  implementation.  Their 
advantages  against  of  large  spacecrafts  are  evident.  They  are  the  financial  and  temporal  expences 
reduced  of  development,  fabrication  and  launching.  Also  the  plurality  of  potential  manufacturers 
and  users  of  such  spacecrafts  is  expanded.  But  reduction  of  development  and  fabrication  expences 
is  not  reached  only  by  decreasing  of  diinention  and  weight.  Even  on  the  contrary,  the 
miniaturization  under  the  conventional  organizational  and  technological  approaches  can  increase 
their  relative  cost.  It  should  be  emphasized,  that  the  described  problem  concerns  not  only  Russia 
but  also  other  countries  of  the  space  community.  The  paper  analyzes  how  using  the  small 
spacecrafts  the  problem  of  reduction  of  the  expenses  in  the  world  is  decided  and  possible  ways  of 
this  problem  decision  in  Russia  from  the  author's  point  of  view  are  considered. 


1  ©  1998.  All  right  reserved.  The  paper  was  partial  presented  at  the  COSPAR 
Colloquium  on  Small  Satellites  placed  in  Tainan  (Taiwan)  in  December,  1997 
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PaccMaTpHBaeTca  Banana  nocTpoerara  MHoropeneBOH  MopyjibiioH  chc- 
TeMti  npepHa3HaneHHOH  pjia  BbiBopa  Ha  0K0Ji03eMHbie  opOiiTbi  chctcmm 
enyTHHKOB.  npHBOAHTCB  cfjopMajiH30BaHHair  MeTOpHKa  BblOopa  OnTHMaJIb- 
Horo  THnaaca  cpepcTB  Bbreopa  OTJiHnaioipHXCH  Mencpy  co6oh  THnaMH  3Hep- 
TOCHJIOBOH  yCTaHOBKH,  aapOBHHaMMHeCKOH  CXeMOH  H  KOMnOHOBKOH.  B  Me- 
xopHKe  Hcnonb3ycTCH  iiejiKHeMUbiB  perpeccHOHHbin  chhtc3  xapaKTepHCTHK 
neTaTejibHoro  annapaTa  c  npHMeHeHHeM  cnepnajibHo  nocTpoeHHbix  nceBpo- 
BbiOopoK.  U,ejieHanpaBJieHHoe,  nomaroBoe  yMeHbmeHHe  ctohmocth  CHCTe- 
mh  npHBOflHT,  Kax  3To  noKa3biBaeTca  b  paOoTe,  k  nocTpoeHHio  onTHManb- 
hbix  3aBHCHMOCTen  thtobbix,  aapopHHaMHnecKHX  xapaKTepHCTHK  annapaTa 
ot  xapaKTepHCTHK  BHeiHHero,  peneBoro  MiioxcecTBa  3apan.  B  KanecTBe  Ta- 
khx  xapaKTepHCTHK  npHHHTbi  Maccbi  BbiBopHMbix  nojie3Hbix  Harpy30K  h  na- 
paMeTpbi  paOonHx  op6HT. 

MHome  3apanH  HH(|)opMapHOHHoro,  TpaH cnopTHoro ,  oxpaHHoro  xa- 
paKTepoB  b  HacToaipee  BpeMH  B03Jiarai0Tca  Ha  aapoKocMHnecKHe  CHCTeMbi 
p a3 JiHHHbix  ypoBHen.  KaK  npaBHJio,  TaKHe  CHCTeMbi  hbjhiiotch  MHoropene- 
bhmh  pHHaMHnecKHMH  CHCTeMaMH  c  MopyjibHbiM  nocTpoeHHeM,  h  apecb 
B03HHKaeT  pap  hobbix  3anan,  pemeHHe  KOTOpbix  TpeGyeT  npHBJieneHHa  ho- 
bbix  nonxonoB. 

Bo-nepBbix,  B03HHKai0T  npoeKTHbie  3apanH,  cBH3aHHbie  c  BbiOopOM 
cocTaBa  MoayjibHbix  ajicMciiTOB  JIA,  npHimnnoB  hx  opraHH3aHHH,  vbh3kh  h 
coraacoBaHHio  xapaKTepHCTHK  oTpejibHbix  MonyjieH,  H3  ycnoBHil  KOMroieK- 
TOBaHHH  OTfleJIbHBIX  BapHaHTOB  JIA,  COBOKynHOCTB  KOTOpbix  pOJDKHa  pe- 
rnaTb  Bee  3anaHHoe  MHoncecTBo  peireBbix  3anaa. 

Bo-BTOpbix,  Bee  nepenHCJieHHbie  3apanH  peraaioTca  b  ycnoBHHx  cy- 
ipeCTBeHHOH  HCOnpeneJICHHOCTH,  oOyCJIOBJICHHOH  HenOJIHOTOH  HIIctlOpMa- 
HHH  OTHOCHTeJIbHO  COCTOHHHH  Cpepbl,  OTHOCHTCJIbHO  yCJIOBHH  npHM eHeHHH 
OTpeJIbHblX  CppaTMeHTOB  aapOKOCMHHeCKOH  CHCTeMbi.  JIpyrHMH  CJIOBaMH, 
HMeeT  MecTo  cymecTBeiiHaa  Bapnapna  b  ycjioBHHX  npHMeHemni  oxaejibHoro 
JIA  h  3pecb  HeoSxoflHMO  yBH3aTb  cnoncHyio  sbojhophio  BHeiHHero  MHoncecT- 
Ba  peneBbix  3aaan  c  nocTpoeHHeM  onTHMajibHOH  CHCTeMbi-papa  pa3HOTHn- 
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HbIX  JIA  [1],  FIOCTpOeHHe  TaKOH  CHCTeMbI  MOJKCT  GbITb  B  SOCTaTOHHO  non- 
hoh  Mepe  ocymecTBJieHO  cpencTBaMH  perpeccHOHHoro  anaJiH3a  MaTeMara- 
HeCKOH  MO^eJIH  aapOKOCMHHeCKOM  CHCTeMbI  C  HCTT0JIb30BaHHeM  CneilHaJIbHO 
nOCTpoeHHbTX  CTaTHCTHHeCKHX  BblSopOK. 

PaccMOTpHM  MaTewaTH^ecKyio  Monenb  HeKOTOporo  "o6o6iiieHHoro" 

JIA,  cnoco6Horo  BbinojiHHTb  Becb  «Hana30H  3anaHHbix  pejieBbix  sanax  npH 
Bcex  B03M0XCHHX  yCJIOBHHX  npHMeHeHHH.  OGoGlLieHHOCTb  JIA  3a:ecb  nOHH-  • 
Maexca  b  tom  cMbicjie,  hto  b  Mare m aran e c k oh  moucjih  He  KOHKpeTH3HpyeT- 
ch  KOMnoHOBKa  annapaTa,  ero  aopoflHHaMHnecKaH  cxeMa,  thit  nBHraTejib- 
HOH  yCTaHOBKH  H  T.n.,  TO  CCTb  He  Hirer ITHcf) HHHpyeTCfr  BHH  OTZreJTbHbIX  norr- 
cHCTeM.  TaKHM  o6pa30M,  oGoGmeriHan  Monenb  JIA  onncbiBaeTCH  tojibko 
TpaeKTopHoir  Morrejibio,  HanpHMep,  cneiryioiirero  BHira: 

m  [~  +  cOyV ^  -  (OjVy  ]  =  mgx  +  P  -  j  C„,pS(Vs  -  Vm)2  +  CXo8,, 
m  [^+(%VX  -  (OjVH  =  mgy+  ’EnPj  -  ^  (Cx0  +  C“)pS(Vx  -  VBX)* 

(it  j  ^ 

*(Vy  -  VBy)  -  OT/Vy  +  2mVrxaiz  +  CY55o  , 

m[  ~T"+  MxVy  -  fOyVx]  =  mgz  +  \  (Cxo  +  C“)pS(Vx  -  VBX)* 

Clt  j  " 

*(Vy  -  VBz)  -  ®yvz  +  2mVrxc0j,  +  CZS8V  , 

Vy=  -  Rj  -  F- ,  Vz= -R*  -  F&  (1) 

3/recb  npHHHTbi  cjieflyjonme  o6o3HaneHHH: 
m  -  Macca  annapaTa 

VxVyVz  npoeKirHH  cicopocTH  ireHTpa  Macc  annapaTa  Ha  cBH3aHHbie 
ocHX^y^Zi 

C0x  ,  ©Y  ,  COz  -  npOeKUHH  Ha  OCH  CBH3aHHOH  CHCTeMbI  yTJIOBOH 
ckopocth  BpanreHHa  annapaTa 

Ty  Pj  ,  ^  j  P  j  -  npoeKirHH  thth  j-Toro  iiBHraTejiH  Ha  cBH3aHHbie  och 
r|j,  -  KocHHycbi  yrnoB  Meayry  BeKTopoM  thth  Pj  h  ochmh  yi,Zj 
Xj,yj,Zj  -  npoeKirHH  pannyca-BeKTopa  tohkh  nepeceneroiH  BeKTOpa  thth 
Pj  c  iuiocKocTbio  cpe3a  coruia 

mgx,  mgy,  mgz  -  iipoeKirrar  Beca  annapaTa  Ha  cBH3aHHbie  och 
Cxo  -  K034>4)HIlHeHT  JioGoboto  conpoTHBJieHHH  npH  HyjieBOM  yrrie 
aTaKH 

c  “  -  npoH3BOHHaH  K03cjxf)HHHeHTa  norr’beMHOH  CHJibi  no  yrny  aTaKH 

p  -  njioTHOCTb  Boanyxa 
S  -  njroinarrb  MimejiH 

VbXj  VrY,  Vgz  -  npOCKITHH  CKOpOCTH  BeTpa  Ha  CBH3aHHbie  OCH 
_  dRay  p  _  dRaz 
ay“  dC0z  ’  aZ  '  d(DY* 

¥%  -  npoeKHHH  Ha  och  yl5Zi  npoH3BOHHbix  no  coy,  to z  rnaBHoro 
BeKTOpa  KOpHOJIHCOBbIX  CHJI 
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2mVrxG)z  ,  2mVrxK)y  -  npoexHHH  Ha  och  y ( ,zt  chjt,  oGycjioBJieiiHbix 
nepeMemeHHeM  uempa  Macc  JIA  oth o CHTe ji i>h o  ero  Kopnyca 

CxsCya  C25  -  K03(J)(|)HHH6HTLI  ynpaBJUHOlHKX  CHJI  OTHOCHTeJIbHO 
CBa3aiiHbix  ocen 

8x  -  BeJIHHHHa  OTHOCPITeJIbHOrO  H3MCHCHHM  THTH 
Sv  -  yron  otkjtohchhb  BepTHKajibHbix  pyneH 
8^  -  yron  otkjiohchhh  ropH30HTajibHbix  pyjieft 


BHeniHee  MiioxcecTBO  ueneBbix  3agm  W  dyacM  onHCbiBarb  flHanasoHOM 
BbiBOflHMbix  nojie3Hbix  Harpy30K  h  xapaxTepHcraxaMH  padoHHX  op6HT  gm 
CnyTHHKOBbIX  CHCTeM,  TO  eCTb: 


W 


1  min  -  1  -  1  max 
e  min  —  ®  -  e  max 
V  min  ^  V  <  V  max 


roe  mnH  -  Macca  nojie3HOH  Harpy3KH,  X  -  reorpa<i)HHecxaH  nonroTa 
Bocxonsimcro  y3Jia,  i  -  HaxjioHeinie  op6HTbi,  e  -  oxcHempncHTeT  opdHTbi,  V 
-  opSuTajibHan  CKOpocTb.  Jlmi  BXJiioHeHHH  sthx  napaMeTpoB  b  Monejib  chc- 
TeMbl  flOnOJIHHM  ypaBHCHHB  (1)  HeJIHHeHHbIMH  flHcjjCljepeHUHaJIbHblMH  ypaB- 
HeHHHMH,  OnHCbIBaiOmHMH  ^BHXCeHHe  MaTepnaJIbHOH  TOHXH  B  nJIOCKOCTH 
opSHTbi: 


M 

-1T|+  JT=gr 


2rn  +  r  rf  =  gs 


ti~  v/r 

di  gn 

ir~v 


COS(77  +  (Op) 


gn  sin(7]  +  (Op) 

V  sin(0 
gn  sin (rj  +  (Op) 

V  sin (i) 


(2) 


roe  r  -  pannyc-BexTop,  p-  HCTHHHaa  aHOMajiHH,  i  -  HaxnoHeHHe,  cop  - 
apryMeHT  nepMueHTpa,  gr,  gs,  gn  -  npoeKHHH  ycxopemra  (ynpaBJimomero  h 
B03Mymaiomero)  Ha  op6HTajibHbie  och. 

B  KanecTBe  xpHTepHH  BepxHero  ypoBHH  jxmi  aspoKocMHHecKOH  chctc- 
mbi  npHHHMaeTcn  ee  ctohmoctb  C,  to  ecTb  iipennojiaraeTcn  H3BecTHOH 
(|)yHKHHOHajTbHaH  3aBHCHMOCTb: 

C  =  C  (co,  x,  U,  d)  (3), 

roe  to  =  (mnn,  A,,  i,  e,  V),  x  -  BexTop  4>a30Bbix  nepeMeHHbix,  U  -  Bex- 
Top  ynpaBJiaiomHX  (JjyHKHHH,  d  -  BexTop  npoexTHbix  napaMeTpoB. 
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OeBHflHO,  HTO  3aflana  (1)  -  (2)  -  (3)  pemaexca  npH  Hexoxopbix  6a30- 
blix  orpaHHneHHHx,  HanpHMep,  xaxnx,  Kax  orpaHHHeHHe  no  cxapxoBOH 
Macce  OTuejibiioro  annapaTa  hjih  orparomeHHe  Ha  BpeMH  c£>yHKi{HOHHpOBa- 


hhh  h  T.n„ 

AnropHTM  HejiHHeHHoro  perpeccnoriHoro  aHajiH3a  no3BOjmex  nanTH 
no  CXaXHCXHHeCXHM  ffaHHHM  (J)yHXIi;HOHaJIbHbie  3aBHCHMOCTH  ’’OOTHMaJIb- 
Hbie"  no,  TaK  Ha3biBaeMbiM,  cncxeMHbiM  xpHxepHHM,  HanpHMep,  no  xpnxe- 


pmo  peryjinpHocTH: 

.  Na 


^  ( Jincifiji  —  Ju)i 


A2  - 


(=i 


Nb 

1j: 


■2 

muCm 


me  Nb  -  nacxb  cxaxxi cxhhc cxoh  xaSjiHnbi,  no  xaxopoit  Hinexca  nojrn- 
hom  onTHMajibHOH  cjidhihocth  (apyraa  nacxb  xaGjiHiibi  -  NA  -  cjiyxcHX  Jim 
onpeaejieHHH  xostjKjmimeHXOB  noiiHHOMa,  HanpHMep,  MexoziOM  HaHMeHb- 
1IIHX  KBa/ipaTOB) , 

JTABjii  -  3HaneHHe  bbixoxihoh  xapaxxepHcxnxH  b  i  -  CTpoKe  Ta6jiHm>r, 
JMi  -  3iraqeHHe  bbixobhoh  xapaxxepHcxnxH,  noJiyneiiHOH  no  nojiHHOMy, 
c(J)opMHpoBaHHOMy  Ha  j-TOM  mare  noncKa  onxHManbHon  CTpyKTypbi  nojin- 
HOMa. 


Tax  xax  js, jih  paccMaxpHBaeMOH  MO^ejiH  cxaxncxHXH  He  cymecxByex,  xo 
cxpoHxca  nceBflOBbiSopxa.  Be3  noxepH  o6ihhocth  np ean o ji oxchm ,  nxo 
HmyTCH  pannoHajibHbie  3aBHCHM0cxH  ram  P  h  aapojiHHaMHHecxoro  xoacj)- 
c|)HHHeHxa  Cxo  oxflejibHbix  annapaxoB  aspoxocMnnecxoir  cncxeMbi.  Tor- 
# a,  mm  xaxcnoro  conexanHH  Cxoh  P  no  Monejra  (1)  -  (2)  -  (3)  moxcho  nojiy- 
HHTb  cooxBexcxByiomee  3HaneHne  cxohmocxh  cncxeMbi  C  (npH  HanajibHO 
3aa.aHHOM  KOjnraecxBe  annapaxoB,  nacxoxe  nycxoB  h  x.n.)  h,  xeM  caMbiM, 
(JjopMHpyexcH  nceB^OBbi6opxa.  3aMexHM,  nxo  xax  xax  bhb,  ox,n;ejibHoro  an- 
napaxa,  ero  xapaxxepHcxnxH  nepBOHanajibHO  He  KOHxpexH3HpoBaHbi,  xo 
nojiynaeMan  cxohmocxb  BecbMa  ycnoBHa  (xax  h  Mo^ejib  (3)),  Ha  HanajibHOM 
sxane  BaxcHbi  jihiub  onenicM  cxohmocxh  CHH3y . 

Ox  nojiyneHHOH  xaxHM  o6pa30M  ohchxh  cxohmocxh  Q  flHpexxHBHO 
yBeJTHHHBaiOXCH  H  CXpOHXCH  JIHHCHHbie  3aBHCHMOCXH  BHfla: 

P  =  oto  +  ccittinH 

Cxo  =  Po  +  Pi  mrTH  (4) 

Ecjth  HeoSxoflHMO  BbiHCHHXb  cocxaB  h  xnnaxc  aapoxocMHHecxoH  CHC- 
XeMbl  B  3aBHCHMOCXH  OX  flpyTHX  BHeiHHHX  yCJIOBHH,  HanpHMep,  ox  X  H  V, 
3aBHCHM0cxH  (4)  paciHHpflioxcM  cjieayiomHM  o6pa30M: 

Oto  =  CXoi  +  0tQ2^ 

ai  =  an  +  a^X 

Po  =  Pol  +  p02^ 

Pi  =  Pll  +  Pl2^ 
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(5) 


OOl  =  «03  +  «04V 

OC02  =  005  +  Oq6V 

Pl2  =  P41  +  P42V  • 

flCHO,  HT0  C  nOMOmLIO  TBKHX  "bJIOXCCHHBIX"  KOOcjxjjMIIMeHTOB  MOXCHO 
ynecTb  Bee  KOMnoHeHTbi  H3  BCKTopa  00,  xapaKTepH3yioinHe  BHeuiHee  mho- 
xcecTBo  3a#an. 

JXaJlQQ  CTpOHTCK  HOBafl  nceB30Bbl6opKa,  y  KOTOpOH  BXO^aMH  HBJIHIOTCH 
(mne,  K  V)i  ,  a  bbixoaom  -  akpckthbiio  3aziaiiHbie  ctokmocth  Cj  h  bbihhc- 
jhhotch  no  MOflejm  (1)  -  (2)  -  (3)  Koa^HnneHTbi  nojiHHOMOB  (4)  -  (5)  (no 
nepBon  nacTH  nceBnoBhiSopKH)  n  onpenejincTca  3Hanenne  KpMTepna  pery- 
JWpHOCTH  A2. 

HO  nOCTHXCCHHK)  MHHHMyMa  KpHTCpH5I  A2  BblXO^HOH  nOKa3aTCJIb 
nceB#OBbi6opKH  (T.e.  ctohmocth)  bhobb  yMeiibmaeTca  n  onncaHHbin  npo- 
pecc  noBTopneTcn. 

B  [2]  6buia  flOKa3aHa  cxouhmoctb  no  KpHTepnio  A2  n  TeM  caMbiM  B03- 
moxchoctb  nojiyneHnn  nojiHHOMa  oirraMajibHOH  cjiojkhocth.  Bbnia  Taicxce 
AOKa3aHa  cxouhmoctb  k  nojiHHOMy  onTHMajibHon  cjioxhocth  npH  rrocjie/10- 
BaTejibHOM  yMeHbmeHHH  ctohmoctcm  Q  ,  KOTOpan  oSycJiaBJiHBaeTcn  ecTecr- 
BeHHbiMH  orpaHHneHHTiMH  b  Mo,aejwx  BH^a  (1)  -  (2)  -  (3)  h  aananHbiMH  pe- 
cypcaMH. 

nojiyneHHbie  b  pe3yjibTaTe  onncaHHOH  nponenypbi  3aBHCHM0CTH  P  h 
CXo  nOKa3BIBaiOT  OnTHMaJIbHyiO  flHHaMHKy  HX  H3MeHeHH5I  B  3aBHCHMOCTH 
ot  BHeniHHX  ycjiOBHH  mnib  K  V  h  oth  3aBHCHM0CTH  TpaKTyiOTca  Kax  nne- 
ajibHbie. 

3aKjnonHTejibHan  cjpasa  b  BbiSope  CTpyKTypbi  aspoKocMnnecKon  cHCTe- 
mbi  coctoht  b  HHTepnpeTapHH  KOHKpeTHbix  no,ii;cHCTeM  JIA.  3/iecb  ocy- 
LuecTBJiaeTca  cpaBHemie  HfleajibHOH  3aBHCHM0CTH,  HanpnMep,  P  c  peajibHO 
B03M05KHBIMH,  TO  eCTb  npOBOflHTCH  annpOKCHMaHHH  H^eaJIBHOH  3aBHCHM0C- 
th  THTOBBiMH  xapaKTepHCTHKaMH  cyniecTByiomHX  nBnraTejiBHbix  ycTanoBox. 
ICaK  npaBHJio,  Tanan  annpoKCHMannn  He  peanroyeMa  Ha  6a3e  oziHoro  Tnna 
flBHraTejin  h  ,TeM  caMbiM,  (jDopMHpyeTca  onTHMajibHMH  Tnnaxc  ^BHraTejib- 
Hbix  ycTaHOBOK  non  3a#aHHbiH  anana30H  neneBbix  aanan.  AHajiomnHbiH 
anajiH3  ocymecTBJiaeTcn  h  no  3aBHCHM0CTH  CXo  ,  b  pe3ynbTaTe  nero  ycTa- 
HaBjiHBaeTcn  onTHMajibHbiH  Ha6op  noTpe6iibix  aopoaHHaMHnecKHX  cxeM  (h 
COOTBeTCTBeHHO  THnOB  JIA)  H  HX  XapaKTepHCTHK. 
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At  present  time  there  are  many  tasks  of  different  character  (information,  transport 
and  protection)  which  require  using  of  aerospace  systems  of  various  levels.  As  a  rule, 
such  systems  are  multi-purpose  dynamic  systems  with  modular  architecture.  According  to 
this  a  set  of  new  tasks  appears,  decision  of  which  requires  using  of  the  new  approaches. 

First  of  all,  there  are  some  design  tasks  connected  to  a  choice  of  structure  of 
modular  elements  of  aerospace  vehicles,  of  principles  of  their  organisation  and  co¬ 
ordination  of  the  characteri  stics  of  separate  modules  the  set  of  which  should  decide  all  of 
target  tasks. 

Secondly,  all  listed  tasks  are  considered  in  conditions  of  essential  uncertainty 
caused  by  incompleteness  of  the  information  concerning  a  condition  of  environment, 
concerning  conditions  of  application  of  separate  fragments  of  space  system.  In  other 
words,  there  is  an  essential  variation  in  conditions  of  application  of  single  aerospace 
vehicle.  Here  again  it  is  necessary  to  co-ordinate  the  complex  evolution  of  external  set  of 
target  tasks  to  architecture  of  optimum  system  -  row  of  different  flight  devices  [1].  The 
construction  of  such  system  can  be  carried  out  by  means  of  the  regressive  analysis  of 
mathematical  model  of  space  system  with  use  special  statistical  extractions. 

Let's  consider  mathematical  model  of  some  generalised  aerospace  vehicle,  capable 
to  execute  all  range  of  the  given  target  tasks  under  all  possible  conditions  of  application. 
Here  “the  generalised  aerospace  vehicle”  is  the  term,  which  is  to  be  understood  in  the 
sense  that  the  configuration  of  the  device,  its  aerodynamic  outline  and  a  type  of  power 
installation  are  not  concretised  in  mathematical  model.  It  means  that  a  kind  of  separate 
subsystem  is  not  identified.  Thus,  the  generalised  model  is  described  only  by  means  of 
trajectory  model,  for  example: 

dVx  1  -5 

m  j-__  +  (oyVz  -  ©zVy]  =  mgx+  P  -  —  CxoPS(Vx  -  VBX)  +  Cxsdx, 
at  l 

m  [  +®ZVX  -  ©XVZ]  =  mgy  +  X  rji?j  -  -  (Cx0  +  C"  )pS(Vx  -  VBX)* 
at  j  x  ■ 

*(Vy  -  V„y)  -  CDZV y  +  luN rX©2  +  , 

m[  — j—  +  coxVy  -  ©yVx]  =  mgz  +  §P ,  -  -  (Cx0  +  C  “  )pS(Vx  -  VBX)* 

at  i  l 


(1) 


*(Vy  -  Vbz)  -  fflyVz  +  2mVrxa)y  +  Czs8v , 
Vv=-R‘iK-F®z  v7=  _r  °>y  -v°>y 

v  Y  ^  ay  1  AT  >  v  Z  W  AZ  r  KZ 


The  following  designations  here  are  accepted: 

M  -  mass  of  the  device; 

Vx,  Vy,Vz  -  velocity  projections  of  a  device  mass  centre  for  connected  co-ordinate  axes 


xi,  y(,  zg 

©x ,  ®y  ,  ©z-  angular  velocity  projections  of  the  device  rotation  for  connected  co¬ 
ordinate  axis; 

ry  Pj ,  c  ,  Pj  -  draft  projection  of  j-th  engine  for  connected  axes; 
ry,  c  j  -  the  cosines  between  a  draft  vector  Pj  and  axes  yj,  zg 

Xj,yj,Zj  -  projection  of  a  point  crossing  radius  -  vector  of  draft  Pj  with  a  output  nozzle 
plane; 

mgx,  mgy,  mgz-  projection  of  mass  of  the  device  to  the  connected  axes; 

Cx0  -  frontal  resistance  coefficient  at  a  zero  angle  of  attack; 

C  "  -  derivative  of  factor  of  elevating  force  on  an  angle  of  attack; 
p  -  density  of  air; 

S  -  maximum  cross-section  area; 

Vex?  VBy,  Vbz  -  projection  of  wind  speed  to  the  connected  axes; 

3Ray  3Raz 

Ray  I  5  R-az =  ~Z  ; 

oocn  ocoy 

F  ky  >  F  kz  "  projections  on  an  axis  yx,  zx  derivative  on  ooY,  ®z  of  coriollis  forces  main 


vector; 

2mVrx(£>2 , 2mVlx(0y  -  projection  on  an  axis  yj,  of  forces,  caused  by  moving  of  the  centre 

of  weights  concerning  its  case; 

CxsCys  C7.8  -  factors  of  control  forces  of  the  concerning  connected  axes; 

5x  -  value  of  relative  change  of  draft; 

8V-  angle  of  a  deviation  of  vertical  fins; 

89-  angle  of  a  deviation  of  horizontal  fins. 

External  set  of  target  tasks  W  we  shall  describe  by  a  range  of  useful  loading  and 
by  the  characteristics  of  working  orbits  for  satellite  systems,  that  is: 


W  = 


rririHmin  ^  mim  -S  mriHmax 

E  min  —  ^  —  h  max 
1  min  —1^1  max 


Where  I 

mnH  -  mass  of  the  useful  loading; 

X-  geographical  longitude  of  ascending  unit; 
i  -  inclination  of  an  orbit; 
e  -  orbit  eccentricity; 


V  -  orbital  speed. 

For  inclusion  of  these  parameters  in  the  system  model  we  shall  add  the  non-linear 
differential  equations  describing  movement  of  a  material  point  in  an  orbit  plane  to  the 
equations  (1): 

r  -rn  +  -4=gr 

r 


2rq  +  r  TJ  =  gs 
r\=  V/r 


di  gn 

~dt~~V 


(D-- 


& 

V 


cos  {rj  +  cop) 

sin  (t]  +  <dp) 
sin(z') 

sin(^  +  cop) 

• - 

sin  (i) 


(2) 


Where 

r  -  radius  -  vector; 

■q-  true  anomaly; 
i  -  inclination; 
cop  -  argument  of  the  focus; 

gr,  gs,  gn  -  projection  of  acceleration  (control  and  revolting)  on  orbital  axes. 

As  criterion  of  the  top  level  for  space  system  its  cost  C  is  accepted,  namely  the  functional 
dependence  is  supposed  known: 

C  -  C  (o),  x,  U,  d)  (3), 

where 

co  =  (mnH,  X,  i,  e,  V), 
x  -  vector  of  phase  variable; 

U  -  vector  of  control  functions; 
d  -  vector  of  design  parameters. 


It  is  obvious,  that  the  task  (1)  -  (2)  -  (3)  is  solved  at  some  base  restrictions,  for 
example,  such,  as  restriction  on  starting  mass  of  the  single  device  or  restriction  to  time  of 
functioning  and  etc. 

The  algorithm  of  the  non-linear  regressive  analysis  allows  to  find  on  the  statistical  data 
functional  dependencies  "optimum"  on,  so-called,  system  criteria,  for  example,  by 
criterion  of  a  regularity: 


Ate 

^  '  ( Jma6n  ~~  Jm  ) 


a2=m 


Nb 

Y.J : 


-2 

ma6jii 


Where  NB  -the  part  of  the  statistical  table,  on  which  is  searched  the  polynom  of  optimum 
continuity  (other  part  of  the  table  -  NA  -  serves  for  definition  of  coefficients  of  polynom, 
for  example,  by  the  method  of  the  least  squares), 

JrABai  -  meaning  of  the  output  characteristic  in  i-th  line  of  the  table, 

JMi  -  meaning  of  the  output  characteristic  received  on  polynom,  generated  on  j-th  step  of 
search  of  optimum  structure  polynom. 

As  statistics  does  not  exist  for  considered  model  ,  the  pseudo-extract  is 
constructed  .  Without  loss  of  a  generality  we  shall  assume,  that  the  rational  dependencies 
of  draft  P  and  aerodynamics  coefficient  Cxo  for  separate  devices  of  space  system  are 
searched  out.  Then,  for  each  combination  Cxo  and  P  by  the  model  (1)  -  (2)  -  (3)  it  is 
possible  to  receive  the  appropriate  meaning  of  cost  of  system  C  (the  quantity  of  devices, 
frequency  of  start-up  etc.  are  given  originally.)  and,  thus,  the  pseudo-extract  is  formed. 
Notice,  that  as  a  kind  of  the  single  device,  its  characteristics  originally  are  not 
concretised,  received  cost  is  rather  conditional  (as  well  as  model  (3)),  on  the  initial  stage 
the  estimations  of  cost  from  below  are  important  only. 

From  the  received  thus  estimation  of  cost  C,  the  linear  dependencies  are  increased  and 
constructed: 


P  =  oco+  aimriH 

Cxo=Po+  Pi  mnH  (4) 

If  it  is  necessary  to  find  out  structure  and  type  of  space  system  depending  on  other 
external  conditions,  for  example,  from  X  and  V,  the  dependencies  (4)  extend  as  follows: 

a0~  aoi  +  CC02A, 

ai  =  an  +  auX 

Po  “  Pol  +  Po2^ 

Pi  =  Pll  +  Pl2^  (5) 

CC01  =  003  +  004  V 

002  “  O05  +  O06V 

Pl2  ~  p41  +  P42V  • 

It  is  clear,  that  with  the  help  of  such  "enclosed"  coefficients  it  is  possible  to  take 
into  account  all  components  from  a  vector  to,  which  describe  external  set  of  tasks. 

Then  the  new  pseudo-extract  is  under  construction,  where  inputs  are  (mnH,  X,  V)j, 
and  output  are  costs  Ci  (set  before).  The  coefficients  of  the  polynom  (4)  -  (5)  are 
calculated  by  the  model  (1)  -  (2)  -  (3)  (by  the  first  part  of  the  pseudo-extract)  and  the 
meaning  of  criterion  of  a  regularity  A2  is  determined. 

On  achievement  of  a  minimum  of  criterion  A2  the  output  parameters  of  pseudo¬ 
extract  (i.e.  cost)  again  decrease  and  the  described  process  repeats. 


In  [2]  the  convergence  by  criterion  A2  and  by  that  an  opportunity  of  reception 
polynom  of  optimum  complexity  was  proved.  Convergence  to  polynom  of  optimum 
complexity  also  was  proved  at  consecutive  reduction  of  the  costs  Ci,  which  is  caused  by 
natural  restrictions  in  models  of  a  kind  (1)  -  (2)  -  (3)  and  given  resources. 

Dependencies  P  and  CXo  ,  received  as  a  result  of  described  procedure,  show 
optimum  dynamics  of  their  change  depending  on  external  conditions  ninn,  K  V  and  these 
dependencies  are  treated  as  ideal. 

The  final  phase  in  a  choice  of  structure  of  space  system  consists  in  interpretation 
of  concrete  subsystems  of  aero-space  vehicles.  Comparison  of  ideal  dependence,  for 
example,  P  with  real  possible  ones  here  is  carried  out.  That  is  the  approximation  of  ideal 
dependence  by  draft  characteristics  of  existing  engines  installations  are  carried  out.  As  a 
rule,  such  approximation  is  not  realised  on  the  basis  of  one  type  of  the  engine  and,  thus, 
the  optimum  type  of  engines  installations  is  formed  under  the  given  range  of  target  tasks. 
The  similar  analysis  is  carried  out  and  on  dependence  CXo,  then  the  optimum  set  of  the 
required  aerodynamic  circuits  (and  accordingly  of  types  JIA)  and  their  characteristics  is 
established. 
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CHCTeMHoe  nporH03HpoBaHMe  h  oirraMHaanna  onepeacaioinero  3a«ejia 
/yiH  co3^aHna  MajTopa3MepHbix  kocmhhcckhx  annapaTOB 
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UHHHMaui 
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ripczuiaraeMa>[  MeToziojioraa  cncTeMHoro  npoeKTHpoBamra  rpynnbi 
MajiopaaMepHbix  KOCMHHecKHX  annapaTOB,  npe/iHasHaHCHHOM  ajm  pememra 
3aflaHHoro  Kjiacca  aa/ia11!  b  HHTepecax  skohomhkh  Pocchh, 
opHeiiTHpoBamiaM  Ha  onpe^ejieHHe  h  onTHMH3apmo  TpeSoBaHHH  k 
cTpyicrype,  cocTaBy  m  xapaKTepHCTHKaM  (napaMeTpaM)  onepexcaioinero 
HayqHO-TexHHMecKoro  3ap,ejia,  BKJnonaeT  cjiejayiomHe  ocHOBHbie  oTanbi: 

-  CHCTeMHoe  np0TH03Hp0BaHHe  TeHfleHIIHH  pa3BHTH3  KOCMHHeCKOH 
TexHHKH,  aHajiH3  TpeSoBaHHH  k  ypoBHio  pemeHHH  3a/iali  kocmumcckoh 
aeHxejibHocTH  Ha  OjiiHKaMmyio  nepcneKXHBy,  cm CTeMaTH3anira ,  o6o6meHHe 
XpeOoBaHHH  K  npOeKTHblM  KOHCXpyKTOpCKO-XeXH  Oil  or  11‘iec  KHM  pemeHHHM 
no  co3B,aHHio  nepcneKXHBHbix  KocMiraecKHX  cpezicTB,  k  HeoSxo/jHMWM 
TeXHHHeCKHM  Cpe/ICTBaM  H  KpHXHHeCKH  Ba>KHbIM  TeXHOJIOTCUIM, 
oSecnenHBaionxHM  peineHHe  3a/tan  Ha  ocHOBe,  b  t.h.  TexHOJioraH  rpynnbi 
Majiopa3MepHbix  KocMimecKHX  annapaxoB; 

-  CHCTeMHoe  npoeKTHpoBamie  (c  yneTOM  hobmx  cj3H3H'iecKHX 

npHHHHnOB  H  3cj)(J>eKTOB,  HOBbIX  npOeKTHbIX  TeXHHKO-TeXHOJIOrHneCKHX 
pemeHHH,  b  tom  nncjie  Ha  6a3e  Hcnojib30Barara  npHHnnnoB 
KOMiuieKCHpoBaHHB  3aflan,  yHHcJiHKanHH,  SjioMHO-MOByJibHoro  nocTpoeHHH 
KA,  MeTOAOB  H  Hay^HO-TeXHHaeCKHX  ZlOCTIDKeHHH  B  oOjiaCTH 

aBTOHOMH3aHHH  KA,  MHHHaTiopH3aii;HH  annapaxyphi  h  zip.), 
(|)Op  MHpOBaHHe ,  aHajIH3  H  TaKTHKO  -TeXHHKO  -3KOHOMHHeCKaH  oneHKa 
ZIonycTHMbix  BapnaHTOB  nocTpoeHira  rpynnbi  Majiopa3MepHbix  KocMnnecKHX 
annapaTOB;  CTpyKTypbi,  cocTaBa  h  napaMeTpoB  noxpeGHoro  onepexcaioinero 
HayMHO-TexHHnecKoro  3aziejia  no  KJHoneBbiM  sjieMeHTaM  h  KpHTHnecKH 
BaxcHbiM  TexHOjioraflM,  KocMEBiecKOMy  h  Ha3eMHOMy  cerMeHTaM; 

-  CpaBHHTejIbHblH  TeXHHKO-3KOHOMHHeCKHH  aHaJIH3  H  OPCHKa 
BapnaHTOB  peajiH3anHH  aazpiHHoro  KJiacca  3aaan  h  Ha  ocHOBe  nocTpoemra 
rpynnbi  Majiopa3MepHbix  KocMiraecKHX  annapaTOB  c  yneTOM  B03M0XH0CTen 
KOMimeKCHpOBaHHH ,  6jIOHHO-MOZiyjIbHOrO  nOCTpOeHHH,  aBTOHOMH3anHH, 
HHTejuieKTyajiH3anHH  KocMHnecKHX  annapaTOB  h  sjieMeiiTOB  Ha3eMHoro 
KOMimeKca,  Ha  ocHOBe  Hcnojib30BaHHji  hobwx  (JiHamiecKHX  npHHnnnoB  h 
3<J)c|)eKTOB; 

-  Bbi6op  pannoHajibHoro  BapnaHxa  nocTpoeHim  onepexcaioinero 
Hay^mo-TexHHnecKoro  3aflejia  HccjienyeMon  rpynnbi  Majiopa3MepHbix 
KocMHnecKHX  annapaTOB  h  onpeziejieHHe  nepenmi  6a30Bbix  npHopHTeTHbix 
KjnoaeBbix  sjieMeHTOB  h  KpHTmiecKH  Baxaibix  TexHOJioraH; 


3.  CeMeHemco 


4)OpMHpOBaHHe  H  TeXHHKO-3KOHOMM4eCKOe  o6ocHOBaHHe 
nporpaMMM  co3//aHHH  papHOHajibHoro  onepexaiomero  HayaHO- 
TexHHaecKoro  aa/iejia  oGecneaHBaiomero  rpynny  Majiopa3MepHbix 
KOCMHHecKHX  annapaTOB  Ha  ocHOBe  paHHOHajibHoro  HaOopa 
yHHBepcajibHbix  6a30Bbix  ruiaTcjiopM,  onTHMajibHbix  no  xapaKTepHCTHKaM 
KJIK)lteBbIX  SJieMeHTOB  H  KpHTHHeCKH  BaXCIIblX  TCXHOJIOrHH. 

3a/iaaa  BbiSopa  paHHOHajibHoro  peineHHH  no  cTpyKType,  cociaBy  h 
napaMeTpaM  onepexcaiomero  HayaHO-xexHuaecKoro  aa^ejia  #. jih  peanH3aHHH 
rpynnbi  Majiopa3MepHbix  KocMHaecKHX  annapaTOB  ccJiopMyjiHpoBaHa  KaK 
3anaaa  HejiHHeHHoro  /mcKpeTHoro  nporpaMMHpoBaHHB. 

B  KaaecTBe  3aBHCHMbix  nepeMeHHbix,  BbiSpaHW  nepeMeiiHaa  X[ijk], 
onncbiBaiomaa  cTpyicrypy,  cocTaB  h  napaMeTpbi  rpynnw  Majiopa3MepHbix 
KocMHHecKHx  annapaTOB  n  nx  no^cncTeM,  r/ie  i-  HOMep  3a/iaM  n  n  ee 
napaMeTpbi,  j  -  HOMep  cocTaBHon  aaciH  KA,  Kj  -  HOMep  K-ii 

noncncTCMbi  j  -n  cocTaBHOH  aaem,  nepeMeHHbie  Y,  Z,  W  aHajioraaHo 
onHCbiBaiomne  CBH3H  h  orpaimae hub ,  oSycjiaBjiHBaionme  Bbi6op  cpe/icTB 
BbiBeneHHB,  cpe^cTB  Ha3eMHoro  KOMiuieKca  ynpaBjieinw  h  npneMa 
nncfiopMamm  n  /ip. 

B  KanecTBe  nejieBOH  (JiyHKHHM  hc  n  oji  bay  ex  cn  3aBHCHMocTb, 
xapaKTepn3yioinaa  H3MeneHHe  BejmaHHW  cyMMapHbix  3aTpaT  Ha  co3/iaHHe, 
npoH3BO/icTBO  h  Hcnojib30Bamie  rpynnw  Majiopa3MepHbix  KocMHaecKHX 
annapaTOB  fljw  pememw  3aiiaHHoro  Kjiacca  3a/ia4  ot  BapiiaiiTOB 
nocTpoeHna  cTpyxiyphi,  cocxaBa  h  napaMeTpoB  onepexaiomero  Hayano- 
TexHH'iecKoro  3a/iejia. 

MaTeMaTHnecican  Mo/iejib  n  Hcnojib3yeMWH  HMHTaimoHHo- 
oirrHMH3anHOHHbin  MeTO/i  HCCJie/iOBaHHH  h  peniemra  aa/iaaH  (KaK  noKa3ajia 
npaKTHKa  peuieHiia  TaKoro  po/ia  aa/iaa)  o6ecneaHBaioT  nojiyaeroie 
KOHeHHoro  onTHMajibHoro  BapnaHTa  nocTpoeHHH  onepejKaiomero  Hayano- 
TexHmiecKoro  3a/iejia,  onpe/iejieHHe  ero  xapaKTepHCTHK. 

KaK  noKa3ajin  pe3yjibTaTbi  MO/iejiHpOBaHHH,  npoBe/ieHHbix  pacaeroB 
no  onTHMH3annH  pemeima  nocTaBji  eHHOH  aa/iaaM,  npn  ycjioBnn 
BbinojiHeHHH  TpeSoBaHHH  3aKa34HKa  cyMMapHbie  3aTpaTbi  Ha  co3/iaHHe, 
np0H3B0/iCTB0  h  Hcnojib30BaHHe  rpynnw  Majiopa3MepHbix  KocMHaecKHX 
annapaTOB,  peajiH3yeMOH  Ha  npromnnax  KOMroieKCHpoBamra,  6jiohho- 
Mo/iyjibHoro  nocTpoeiiHB,  yim(J)HKaHHH  n  CTaH/iapTH3an;im  npoeKTHo- 
KOHCTpyKTOpCKHX  peilieHHH,  MHHHaTK)pH3amm  KJTIOMeBbIX  3JieMeHTOB  H 
npHMeHeHHa  KpnraaecKH  BajKHbix  TexHOJioraH,  MOiyr  6biTb  cmixceiibi  b  5- 
10  pa3  no  CpaBHeHHIO  C  Tpa/IHimOHHbIM  BapHaHTOM  (b  3aBHCHMOCTH  OT 
npHHHMaeMoro  b  pacaexe  ypoBiia  KaaecTBa  h  cobmccthmoctm  cocxaBHbix 
aacTeii  n  KjnoneBbix  ojieMeHTOB  Majiopa3MepHoro  KocMHaecKoro  annapaTa, 
BKJiioneHHbix  b  Hccjie/iyeMbiH  BapnaHT  nocTpoeHHH  onepexcaioniero  Hayano- 
TexHuaecKoro  3aaejia). 

OneHKH  noKa3ajm,  a  to  tojibko  3a  caeT  Hcnojib30BaHHH  npronmna 
KOMruieKCHpoBaHiia  3a,xaa,  TexHOJioraH  yHHctmimpoBaHHWX  6a30Bbix 
njiax(}jopM  n  hx  aflanTHBHoro  cnocoGa  6jio4HO-Mo/iyjibHoro  nocTpocHHH, 
cyMMapHbie  3axpaTbi  Ha  co3/iaHHe  npon3BO/icTBa  h  Hcnojib30BaHne  rpynnbi 
Maaopa3MepHbix  KocMHaecKHX  annapaTOB,  /um  pemeHHH  3a/iaHHoro  Kjiacca 


3.CeM6HeHK0 


3aflaq,  Moryr  6bm>  cHHaceHbi  no  cpaBHeHHio  c  onopHbiM  BapnaHXOM 
peajiH3aii;HH  3a,aaHHoro  KJiacca  sa^an  b  HecKOjibKo  pa3. 

Ilpe/maraeMbiH  KOMiuieKCHbin  noffxoa  no3BOjraex  npn 
MoziejiHpoBaHHH  h  onxn MH3an;iiii  onepexcaiomero  HaynHo-xexHHnecKoro 
aanejia  jjjm  coiAaHMH  rpynnbi  Manopa3MepHbix  KOCMHHecKHX  annapaTOB 
ynnxbiBaxb  xaiotce  cncTeMHbie  xpeSoBaHHH  h  orpaHHH eHKH  co  cxopoHbi 
cpe^cTB  BbiBeflemia,  Ha3eMHoro  KOMnjieKca  no  ynpaBJieHHio  kocmim e ckhmh 
annapaxaMH  n  npneMy  HHcjiopMannn,  a  xaioxe  bcio  coBOKynnocTb 
cjjaKTopoB  BHeuiHen  cpeaw,  onpe/iejiaiomnx  Bbi6op  KOHnennnn  nocxpoemra 
Majiopa3MepHoro  KocMwnecKoro  annapaxa. 

JJaHHaH  MexoflojioruB  (Pnc.l)  ncnojib3yexc>i  npn  pa3pa6oxKe  n 
XeXHHKO-OKOHOMimeCKOM  oGoCHOBaHHH  nepCneKXHBHbIX  KOCMMXeCJKMX 
cpeflcxB  Oe^epajibHon  KOCMiwecKOH  nporpaMMbi,  fljra  aHajiH3a  n  oneHKH 
Heo6xo3HMoro  HaynHO-xexHHnecKoro  noxeHimajra  cncxeMHbix  npoeicmo- 
KOHCxpyKXopcKHX  h  xexHOjioranecKHX  pemeKHH  b  oSecneneHne 
nepcneKXHBHbix  kocmpbicckhx  annapaxoB,  a  xaoce  npn  oSocnoBaiiMH 
nepeMHB  npHopnxexHbix  HanpasjieHHH  paaBHXim  HayKH  n  xexHHKH, 
KpnxnHecKH  BaxcHbix  xexHOjioran  PKT  b  HHxepecax  otJxfceKXHBHoro 
pa3BHXHB  oxenecxBeHHon  kocmkhcckoh  aeaxejibHocxH. 


3.CeMeHeHK0 


Phc.  1  ynpaBJieHne  co3AaHHeM  onepeJKaiomero  HayHHO-TexHHMecKoro 
3a^ejia  kocmhhcckhx  cpeACTB  HOBoro  noKOJieHHa 
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nporpaMMa 
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TexHOJiorwMecKaa 
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*  HoBaqmi 
oreaecTBeHHOH 
h  japy6e>KHoM 
KT 


KoHLienniia 

HaUHOHaJIbHOH 

KOCMH'ieCKOil 

ITOJIHTHKH 


OCHOBHbie 
nanpaBJieHiBi 
paBBHTHB  PKT  Ha 
nepnoflflo  2010  r. 
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2005-2015  r.r. 
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□  KoHqeimna  4>opMHpoBaHna,  co'manna  h  HcnojibaoeaHHa 
OHT3  KOCMHHeCKHX  cpeACTB  HOBoro  noKojrenHH 

□  C-HCTeMHbie  uccjieAOBaHHB  cTpyKTypbi  h  coeraBa  OHT3 

□  TeopeTHHecKHe  h  3KcncpHMeinaj7bHbie  HccjieqoBaHHH  no 
noHCKy  h  oTGopy  hobbix  IIK  h  TexHHHecKnx  peuieHHH  /[Jin 
KC  HIT  h  HX  CHCTeM  nasi  yBsnKa  (HHP,H3P,OKP) 

□  KoMiuieKCHbie  qejicBbie  nporpaMMbi  no  KJiioHeBbiM 

OJICMCHTaM 

□  KoMniicKcnasi  MOflejib  6a'30Bbix  Tcxiioaorufi  OHT3  ICC 


Pe3yjibTaTbi  HCCJieAOBaHHH  no  cocTaey  n  oSjuncy  OHT3 

□  (DopMHpoBamie  o6.nHKa  panaoHaJibHoro  onepe^aiomero  HT3  ^ 

□  3(|>(})CK'rtniHoe  npoeKTHpoBannc  KBioneBBix  ojicMeirrou  h  TexHOJiorHH  /oxa  KC  Hu 

□  nporpeccHBHbie  npoeKTHo-KOHCTpyKTopcKHe  pemeHHa  no  co-wnino  KC  Hn 

□  LJeaeBbie  nporpaMMbi  no  kjiiohcblim  oueMeinaM  c  bhcokhm  Haynno-T  exiinHecicuM  ypoBHeM 

□  npewioacenna  no  nepejxane  h  h cn o jib  s o b a inno  HT,D,  b  okohomhkc  Pocchh 
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In  this  report  the  basic  methodology  for  forming,  simulation,  and 
optimization  of  advanced  scientific  and  technical  studies  results,  their 
structure  and  parameters  for  small  satellites  are  considered  for  social-and- 
economic  applications. 

Algorithm  of  the  system  studies  is  proposed  that  ensures  forming  and 
selection  of  the  rational  (under  the  criterion  “funding-profit”)  variant  of  the 
basic  unified  module  structure  for  small  satellite  bus. 
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ApxHTeKTypa  yHHcjmuHpoBaHHoro  pafla  KocMHHecKHX 
rtnaT^JopM  zuia  Majibix  KA  pa3jiHHHbix  no  Macce  h  Ha3Haxiermio 

A.  HayMOB,  T.  YcneHCKHH,  B.  MBaHOB,  B.  Mhpohob 

141.070  r.KopojieB,  MocKOBCKaa  oOjiacTb 
yji.IlHOHepcKaa,4 

OaKc:  (095)  513  5420,  (095)  513  4400 

TexHOjiomBecKH-ynpaBJiaeMbie  KocMHiecKHe  npoeKTbi,  b  oTJiHHHe  ot 
TpammHOHHbix  npoeKTOB,  KOHKpeTHoro  nejieBoro  HaanaBCHHa,  -  HOBoe 
HanpaBjieHHe  co3flaHHH  Manbix  KA.  ZlaHHbiH  no/ixoji,  no3BojraeT  co3naBaxb 
Hefloporae  ai^eKTHBHbie  KA  pa3jnriHbie  no  Ha3HaneHHio  n  Macce:  ot 
cynepcnyTHHKOB  Maccon  <  10  kf  ao  Majibix  KA  Maccon  flo  1  t. 

Mcnojib30BaHne  KOMnjieKca  eflHHMX  TexmmecKnx  n  TexHOJioraqecKHX 
pemeHHH  JSJ19L  GOSflaHHJI  TaKHX  KA  -  OflHO  H3  B03MOXHMX  HanpaBJieHMH 
peajiH3axi;HH  TexHoaoranecKH-ynpaBjiHeMbix  npoeKTOB.  B  cTaTbe 
npe/maraeTca  B03Mo>KHaa  apxHTeKTypa  yHH(})HnHpoBaHHoro  pima 
KocMiraecKHX  roiaT^opM  jjjih  MKA  paajiHHHbix  no  Macce  h  nasHaneHmo. 
PaccMaTpMBaioxca  npoOjieMHbie  Bonpocw  co3,naHHH  axoro  pa/ia,  a  xafoxe 
npeflJioxceH  npoeKTHbin  o6jihk  cepnn  MKA  naynnoro  Ha3Hanemw. 

BBe^eHne 

Bnenpeiine  hobbix  c  bmcokoh  CTeneHbto  npHMemieMocTH  TexHoaornn 
npn  co3flaHHH  KocMimecKHX  annapaTOB  HBjmeTca  ochoboh 
TexHOJiornHecKH-ynpaBjineMbix  KocMmiecKHX  npoeKTOB.  FIporpaMMa  New 
Millenium  (CHIA)  coflepaarr  cepnio  npoeKTOB,  KOTOpbie  HBJMioTca 
TexnojiormiecKH-ynpaBjineMbiMH  [  ].  flaHHbie  npoeKTbi  paxpaSaTbisaioTCH, 

MToGbi  npoBepHTb  Texnoji  othh  ,  KOTOpbie  ncnojibsyioT  HOBoe  noKOjieHne 
Heflopornx,  bbicoko  MHHnaTiopH3HpoBaHHbix  ajieMeHTOB,  c  bmcokoh 
cTeneHbio  npHMenaeMocTH  b  hobom  Tbicaneji cthh  .  /IpyrHM  npHMepoM 
peajiH3anHH  TexHOjionraecKH-ynpaBJiHeMMX  npoeKTOB  aBjiaeTca  nocTpoenne 
KA  Ha  ocHose  ko c m hci e c khx  ruiaTcfiopM,  b  tom  HHCjie  Ha  ocHOBe 
MHoronejieBbix  kocmhhsckhx  ruiaTc^opM.  Ochobhoh  nejibio  TaKHX  npoeKTOB 
KBjiBexca  cHHxeeHHe  3axpax  h  cpokob  co3,naHHH  KA  h,  npejKae  Bcero,  Majibix 
KA  Maccon  <  10  kt  ao  ~1  t.  B  Hacroamee  BpeMa  cymecTByeT  ziocTaxonHo 
mnpoKHH  cneKTp  pa3pa6oTOK  no  kocmhhcckhm  njiaTcjjopMaM  paajimiHoro 
nocTpoeHHa  c  Hcnonb30BaHHeM  KaK  hoboh,  TaK  h  oxpaSoraHHOH 
ajieMeHTHoii  6a3bi.  Bo3Moxnaa  KJiaccH^HKanna  kocmhtcckhx  raianfropM 
no  flHana30HaM  peinaeMbix  3aaan,  KOHcjnuypanHH  chctcm  h  ajieMeHTOB, 
KOHCTpyKHHH  npHBe/iena  Ha  pHc.l.  HanpaBjieHHe  co3#aHHa  yHHBepcajibHbix 
KOCMimecKHX  rniaTiJjopM  c  nepeMeHHOH  KOHcf)Mrypau,HeH  h  CTpyKTypoH 
ajicMCHTOB  6a3HpyeTca  Ha  bmcokoh  cTeneHH  MHHHaTiopH3anHH  nejioro  pajia 
ajieMeHTOB,  bosmoxhocth  HapamHBanna  (azianTaunn)  hx  CTpyKTypM  h 
cJjyHKnHOHajibHbix  xapaKTepHCTHK,  a  TaKxe  bo3Moxhocth  coKpameHHa 
KOJIHHeCTBa  KaHajlOB  B3aHMOJieHCTBHH  OCHOBHbIX  CHCTeM  KA  nyreM 


nepexo^a  Ha  npmmHnbi  iconoBoro  BsaMMo/zeiicTBua,  MpnyjibHoro 
nocTpoeHHH.  Ilpn  3tom  cymecTByeT  uejibrn  KOMimeicc  eAHtibix  TexHiwecKHX 
h  TexHOjioriraecKHX  pemeHHH,  KoropbiH  no3BOJiaeT  co3AaBaTb  Ha  hx  ochobc 
IHHpOKHH  CneKTp  MKA  MaCCOH  OT  1  T  AO  eAHHHU,  H  MeHee  kt. 

B  CTaTbe  paccMarpHBaioTca  Bonpocbi  nocTpoeHna  MaAbix  KA 
pa3AHAHbix  no  Macce  KnaccoB  (cynepcnyTHHKH  MaccoH  <  10  kt, 

MHKpOCnyTHHKH  MaCCOH  <50  KT,  MHHH C HyTHHKH  MaCCOH  <  300  KT,  MajIbIX 
KA  MaccoH  ot  300  kt  ao  ~  1  t)  Ha  ocHOBe  eAHHoii  apxHTeKTypbi 
yHH4)Hu:HpoBaHHoro  pHAa  MaAbix  KOCMHnecKHX  HAaTtJiopM  c  nepeMeHHOH 
KOHcjiHiypaimeH  h  CTpyKTypoii  3Acmciitob,  npoOneMiibie  Bonpocw  co3AaHH» 
Taxoro  pAAa  kocmmacckhx  ruiaT<J>opM,  a  Taicxe  AaioTCA  oijeHKH  B03MO>moro 
TexHHHecKoro  o6AMKa  cepHH  MaAbix  KA  Ha  hx  ocHOBe. 

KAaCCHlJjHKaHHM  MaAbix  KOCMHAeCKHX  IIAaT(J)OpM 


no  aHana30Hy  pe- 
uiaeMbix  3aaaii 


no  KOH^HrypapHH 
h  crpyicrype  koh- 
CTpyKTHBHOrO  H 
annapaTypHoro 
nocTpoeHHa 


no  KOHCTpyKBHH 


Phc.1 


pflua  Majibix 


KOCMtraeCKKX  lUiaT^JOpM 


IIpeAJiaraeMaii  apXHTeKTypa  yHH(J)HHHpoBaHHoro  p«/ia  Majibix 
KOCMHH6CKHX  lUiaTcJjOpM  BKJIIOHaeT: 

-  yHHBepcajibHwe  Majibie  KocMiwecKHe  ruiaT(J)opMbi  I  -  IV  KjiaccoB  b 
cooTBeTCTBHH  c  npHHJiTOH  KJiaccH(J)HKaiiHeH  Majibix  KA  no  Macce; 

-  pnn  o6mnx  SaaoBbix  TexHHnecKHX  peineHHH  no  nx  nocTpoemno; 

yHHtJmnnpoBaHHbie  pflAbi  6a30Bbix  sjieMeHTOB  cjiyxceSHbix 
KOMroieKcoB  YMKI1. 

B  KanecTBe  6a30Bbix  TexHiraecKHX  peineHHH  npHrorro: 

1)  MopyjibHoe  nocTpoeHHe  YMKIl  Ha  ocHOBe  Hcnojib30BaHHfl  b 
MaKCHMaJibHon  cTeneHH  aBTonoMHbix  MOflyjien,  ycTaHOBKa  KOTopbix  Ha 
YMKIl  3aKJiK>HaeTCM  b  no#KJiiolieHHH  k  mHHe  nepBHHHoro 
3JI GKTponUTaHHfl  H  K  CTaHflapTHOH  JIHHHH  KOflOBOH  Me^KMO/iyjIbHOH  CBB3H. 

2)  Hcnojib30BaHHe  b  MaKCHMaJibHon  KOHcJ)HrypanHH  YMKIl 

cjie^yiomero  cocTaBa  Moayjren: 

-  Moziyjiii  “BUBK-ynpaBjieHHH”; 

-  pannoMoziyjiH; 

-  MoayjiB  3jieKTpocHa6*eHHH  Ha  ocHOBe  opHenrapyeMbix  no  flByM 
OCHM  cojiHeHHbix  6arapeH  n  aKKyMyjiBTOpHbix  6aTapen; 

-  Moayjiii  3JieKTpoMarHHTHbix  HcnojiHHxejibHbix  opraHOB  (3MHO)  Ha 
ocHOBe  jiBHraTejTen-MaxoBHKOB  nepHo/nwecKH  pa3rpyxcaeMbix  c 
Hcnojib30BaHHeM  J\V  c  )KP/I  hjih  MaraHTonpn bo^ob ; 

-  Moztyjia  conpaxceHHH  annapaTypbi  YMKIl  h  annapaTypbi  nejieBoro 
Ha3nalieHH5i; 

-  MO^yjIH  /IBHraTejlbHOH  yCTaHOBKH  Ha  OCHOBe  OHHOKOMnOHeHTHblX 
)KP/I,  ^BHraTejieH  Ha  cxcbtom  ra3e  /pm  pa3rpy3KH  HHepnnoHHbix 
HCnOJIHHTeJIbHbIX  OpraHOB,  KOppeKHHH  HBHXCeHHH  H  Ha  OCHOBe  3Pfl  THna 
CTI#  flJIH  KOppeKHHH  HBHXCeHHH  H  OpSHTajIbHOrO  MaHeBpHpOBaHHa; 

-  MOByjia  npnOopoB  HaBHranHH  h  opHeHTanHH. 

3)  nocTpoeHHe  aBTonoMHbix  MO/iyjien  c  Hcnojib30BaHHeM 
HH^HBHZiyajIbHOH  MHKpOnpOHeCCOpHOH  TeXHHKH,  KOMMyTanHOHHO- 
npeo6pa3yioineH  annapaTypbi  (KIIA)  pa  conpjmceHHH  c  o6inen  uihhoh 
nepBHHHoro  sjieKTponHTaHHH  h  co  cTannapxnoH  jiHHnen  MexcMopyjibHOH 
cbh3h; 

4)  Hcnojib30BaHHe  yHHcjiHHHpoBaHHOH  turn  Bcex  KJiaccoB  YMKIl 
KOHCTpyKHHH  KapKacHoro  THna  A®yx  6a30Bbix  THnopa3MepoB :  0,8m  x  0,4m  h 
0,4m  x  0,4m  c  pa3MemaeMWMH  BHyrpH  Hecymen  KOHCTpyKHHH  cbeMHbiMH 
aBTOHOMHbIMH  MOflyjWMH. 

IIpHHHHnHajibHaH  cxeMa  komhohobkh  YMKIl  npencTaBjieHa  Ha 

pHC.2. 

KOHCTpyKHHH  CbeMHblX  aBTOHOMHbIX  MOflyjieH  BKJHOHaiOT  3JICMCHTBI 
naccHBiioro  TepMOperyxHpoBaHira  (TeroiOBbie  TpySbi,  cTa6HnjiaTbi  h  t.h.)  h 
Moryr  H3rOTOBJWTb CH  Ha  OCHOBe  H3BeCTHbIX  TeXHOJIOrHH  KOHCTpynpOBaHHil 
h  H3roTOBJieHHH  paziHosjieKTpoHHOH  annapaTypbi,  Ha  ocHOBe 
MHorocjioHHOH  KOHCTpyKHHH  H3  jierKHX  ciuiaBOB,  yrjieruiacTHKOB, 
ajnoMHHHeBOH  cJjojibrn.  06ecneTieHHe  3anaHHbix  TennoBbix  pexcHMOB 
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HOBKOH  flOnOJTHHTeJIbHbDC  SKpEHOB,  paflHaTOpOB  CHapyjKH  paMbl. 
npHHHMaeMbie  6a30Bbie  TexHtwecKee  pemenHM  no  ncnojib30BaHHio 
MHKpOnpOIieCCOpHOH  TCXHHKH  B  COCTaBC  aBTOHOMHbIX  MO^iyjieH., 
conpaxceHHio  MOflynen  nepe3  o6mH6  ihhhm  HH(J)opMau,HOHHoro 
B3anMO,JieMCTBHH  H  nepBHHHOrO  3JieKTponHTaHIM  n03B0JIHI0T  HCI10JIb30BaTb 
nepcneKTHBHbie  MeTO/iw  komitjt ckchoh  ouiaaKH  YMKn  h  MKA  b  iicjiom  c 
noMombio  I13BM.  HpHHHMaeMbie  THnoBbie  pemeraw  no  o6ecneneHMio 
TenJIOBbIX  peJKHMOB,  KOHCTpyKUHH  YMKn  H  KOMnOHOBKH  nejieBOH 
annapaTypbi  h  cay>Ke6Hbix  MoayaeH  co3aaioT  npeanocbuiKH 
cymecTBeHHoro  coKpameHHH  o6b6Ma  sKcnepHMeHTaabHOH  OTpa6oTKH  MKA 
Ha  OCHOB6  YMKn,  bkjiiow  TenjioBbie,  m exaH h  t  e ckm c  HcnbiTamra, 
HcnbiTaHiw  Ha  noMexo3amHiueHHOCTb  chctcm  h  saeMeHTOB. 

Ea30Bbie  THnopa3Mepbi  Hecymen  koh cTpyKHHH  onpeaeaeHbi  c  yneTOM 
orpaHHHeHHH  no  KOMnoHOBKe  nojie3Horo  rpy3a  paKeT-HocHTeaeH  jrerKoro  h 
CBepxjierKoro  KJiaccoB  (rana  PH  “Pokot”,  “OrapT”  h  t.h.),  a  TaioKe  c 
yaeTOM  B03M0XHWX  raOapHTO-MaccoBbix  xapaKTepucTHK  saeMeHTOB 
cjiyxceSHbix  chctcm  YMKn. 

ABTOHOMHbie  MOflyjiH  YMKn  npeanoaaraeTca  CTpoHTb  Ha  ochobc 
6a30Bbix  aaa  Kaagj,oro  KJiacca  sjicmchtob.  Hcnojib3yeMbie  npHimunbi 
MoayabHocTH,  HapamHBaHiia  cTpyKTypw  h  xapaKTepHCTHK  paaa  3Ji eM e  htob  , 
KOflOBOTO  B3aHMOaeHCT]3H>I  II03BOJHHOT  C03aaBaTb  yHH(J)HU,Hp OBaHHblH  pHXI 

YMKn  I  -  IV  KJiaccoB  nyreM  Hcnojib30BaHHH  npn  pa3pa6oTKe  KA 
KOHKpeTHoro  nejieBoro  Ha.3HaneHiw  6a30Bbix  sjicmchtob  apyrnx  KJiaccoB, 
cocTaBamomHX  yHH4)HHHpoBaHHbie  pajibi  3.tcmchtob. 

TpeSoBaHHfl  k  sthm  OaaoBbiM  sjicMeHTaM  YMKII  I  -  IV  KJiacca 
onpeaeaHJiHCb  c  yaeTOM  nepcneKTHBHbix  Tpe6oBaHHH  no  MaccoBOMy 
coBepnieHCTBy  (othoihchhc  Maccbi  noaeBHOH  Harpy3KH  k  Macce  MKA) 
MKA. 

B  HacToamee  BpeMU  paHHbin  noKaiaTeab,  KaK  noKa3biBaeT  anajiHS 
cocTaBaaeT  -30%  turn  KA  Ha  okojio3cmhmx  op6irrax  h  cymecTBeHHO 
MeHbiue  jL3>i  MejKiuiaHeTHbix  KA.  B  Toace  BpeMH  aHajiH3  paaa 
nepcneKTHBHbix  pa3pa6oTOK  no  MajiMM  KA  noKa3biBaeT,  hto 
Hcnoab30BaHHe  HOBbix  TexHoaoran  co3aamw  saeMeHTOB,  hx 
MHHHaTK>pH3au;HH  noBBOjweT  cosaaBaTb  MKA  c  noKaaaTeaeM  MaccoBoro 
K03(JxJ)HHHeHTa  b  50%  h  6ojiee.  IIpoBeaeHHbie  cobmcctho  co 
cneHHajiHCTaMH  HHHA,  PHHHKH,  HIIO  “KBaHT  ,  HHHIIM3  MAH,  a 

Taioxe  aHajiH3  pa3pa6oTOK  apyrnx  Beaymnx  oTenecTBeHHbix  pa3pa6oTHHKOB 
KocMH^iecKOH  TexHHKH  noKaabiBaeT1  Ha  peajibHyio  bo3moxchoctb  b 
HacToamee  BpeMa  co3aaHHH  6a30Bbix  sjicmchtob  YMKII  II  -  IV  KJiaccoB,  b 
tom  HHCJie  Ha  npHimnnax  HapaiHHBaHHa  cTpyKTypbi  h  Bbixoaiibix 
xapaKTepHCTHK  (  EIJBM  c  HapamHBaeMOH  cTpyKTypofi  pa3pa6oTKH  HHHA, 
MHoronpou;eccopHbie  HBM  paspaSoTKH  HKH,  acTpoaaTHHKH  pa3pa6oTKH 
HKH,  pna  ABHraTeTeH-MaccoBHKOB  pa3pa6oTKH  BHHH3M,  paa  3P/I  TMiia 
CY1R,  paanoKOMiuieKCbi  I  -  IV  KJiaccoB  npopa6oTOK  PHHHKn  h  a p.). 
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OueiiKa  B03MOXHoro  ypoBHa  xapaicrepHCTHK  6a30Bbix  Moayjien 
fljiH  Kaxzioro  KJiacca  YMKIl  npeacTaBJieHa  b  Ta6jrau,e  1. 

TaGjraua  1 


ymkh-i 

YMKn-II 

YMKn-III 

YMKIl- IV 

1 

2 

3 

4 

5 

6 

7 

8 

9 

MnTTVTTXf 

Mac  ca  <Vr 

flpoTnie 

Maccaf  kt 

IlpoHMe 

Macca(icr 

flpoaHe 

Macca(KE 

IlpoBMe 

) 

xapaKTe- 

) 

xapaKTe- 

) 

xapaKTe- 

) 

xapaKTe- 

aHepron 

pHCTHKH 

sHepron 

pHCTHKH 

OHepron 

pHCTHKH 

SHeprori 

pHCTHKH 

OTpe6jr. 

oTpeSji. 

orpeGji. 

OTpe6ji. 

(Bt) 

(Bt) 

(Bt) 

(Bt) 

BUBK- 

0,5-r0,6 

f=5MIa 

34 

Tpexnpo 

10 

c  K3Y 
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c 

ynpaB- 

2-5 

Q3Y  = 

10 

uec- 

15 

eMKOC- 

15 

HapaniM 

jieHwa 

192K6 

COpHblH 

Tbio  256 

BaHM-eM 

3nn3Y 

KOMHblO 

M6ht 

eMKOCTH 

=  192  K6 

-Tep 

/13Y 

Pajmo- 

14 

Pna>lBT, 

44 

Pna>5BT, 

25 

P  = 

x  rm 

35 

c 

Moayjib 

10 

Vp<100K6/ 

25 

Vp  <  1 

50-265 

3-40t, 

50-265 

BUBM 

c 

M6ht/c 

>100 

M6ht/c 

MoayjiB 

/iBi-iraTe 

-aeft: 

- 

2-3 

MHKpO- 

5-10 

)KP,E((r 
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>KPH(r 
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iKP£(r 

pa3rpy- 

10 

/IBHraieji 

20 

m- 

30 

ha- 

50 

m- 

3KH 
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25 
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25 
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npopec 

bie 
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npwGop 
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MHKpO- 
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MHKpO- 

H- 

raponpH- 

6opbI 

6opbi 

(Pnfl  -  Mom,HocTb  nepeaarxHKa 

Vp  -  nponycKHaa  enocoOHoexb  paanojiHHHH 

JI3Y  -  flOJiroBpeMeirHoe  aanoMHHaiomee  ycxponcxBO 

03Y,  3TTI13y  -  onepaTHBHoe  3Y,  ajieKXponporpaMMHpyeMoe 

nocTOHHHoe  3Y) 

KaK  cjienyex  H3  aamibix  xaOjranbi  I  coaaaHMe  MKA  KJiacca 
cynepMHKpocnyxHHKOB  (Macca  <10  kt)  h  MHKpocnyxi  ihkob  (Macca  <50  kt) 
Ha  ocHOBe  YMKn  I  h  II  KJiacca  b  c  MaKCHMajibHon  KoiK})MrypaiiHH 
MoayjieH  b  GjUDKannien  nepcneKTHBe  aocxaxonHo  npoOjieMaxHHHO.  PeajibHO 
co3flaHHe  MKA.  aaHHbix  KJiaccoB  Ha  ochobc  YMKII  I  h  II  KJiaccoB  c 
noiiiDKeHHbiM  ypoBHeM  KOHtJjHrypannn  Moayjien:  Hcnojib30BaHHe  xcecxKon 
ycTaHOBKH  naHejien  cojmenHbix  Oaxapen,  oncaa  ot  HBMraxejien  - MaxoBHKOB , 
ABnraxejieH  pa3rpy3KH  h  KoppeKiiHH  c  oepexojioM  pjui  oKojio3eMHbix  MKA 
Ha  Hcnojib30BaHHe  MaraHxonpHBoaoB  cncxeMM  opneHxau;HH  MKA.  KpoMe 
Toro,  Ha  ocHOBe  6a30Bbix  ajieMeHTOB  YMKH  I  h  II  KJiaccoB  bo3moxcho 
nocTpoeHHe  MKA  apyrax  KnaccoB  Mcnojib3y«  paccMOTpeHHbie  xexHMHecKMe 
peinemra  no  yronfuiKamiH  YMKII  paijnniHbix  KJiaccoB. 

OcHOBHbie  OCoGeHHOCTH  IipOeKTMpOBaHHil  MKA  Ha  OCHOBe 
paccMaTpHBaeMoro  xiina  YMKII  Moryx  6wxb  npoHJunocxpHpoBaHbi 
pe3yjibxaxaMH  npopaOoxoK1  bo3Mojkiioxo  xexHmiecKoro  oSjiHKa  cepHH  HC3 
HaynHoro  HaiHaneuMfl  juw  pemeinra  3anan  uccjienoBaHHH  kocmebicckhx 
jiyqeH,  HaOjifoaeHHH  c  bbicokhm  ypoBHeM  paapemeHna,  HCCjieaoBaHiw 
KpynHOMacmxaSHbix  axMOC(}>epHbix  nponeccoB  c  Hcnojib30BaHneM  oaHoro- 
B,Byx  HaynHbix  npnOopoB,  peracxpannn  npe/iBecxiiHKOB  paapyiiiHxejibHbix 
SLBJieHHH. 

Anana30H  xpeOoaaimn  k  YMKII  co  cxopoHhi  HayaHon  annapaxypw 
(HA)  npnMeHHxejibHO  k  nepenucjieHHbiM  Bbiine  3aaanaM  cocxaBJinex: 

-  no  Macce  Moayjin  naynHon  annapaxypbi  -  30<350  kt; 

-  no  ypoBHK)  ojieKxpocHaOxceHHH  HA  -  50^500  bx; 

-  no  xohhocxh  yrjioBon  opneHxaHnn  KA  ox  5...  10'  ao  10°; 

-  no  xohhocxh  onpeAejieHiw  Mecxonojioxcerow  u,eHxp  Macc  -  20<25m; 

-  no  xohhocxh  onpeaejieHiw  yrjioBoro  nojioxccHHH  KA  -  3<10\ 

no  pe3yjibxaxaM  npopaOoxoK1  Macca  MC3  Ha  ocuoBe  YMKn 
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Phc.  3  CxeMa  pa3MemeHH.a  cepHH  H3  BOCbMH  MKA  Ha  ocHOBe  YMKIT  b  cocTaBe  otcckob  none3Horo  rpy3a  PH  Pokot 


COCTaBHT; 

-  AJ1H  HCCJieflOBaHHM  COJI HeTTIIO-3eMHbI X  CBB3eH  H  KOCMHM6CKHX  JiyHeH 
110-480  (940  kt  npH  BKjnoMeHHH  3?Jiy  op6nTajibiioro  MaHeBpnpoBaHHtf); 

-  jvm  onepaTHBHoro  HaGjno/ieHHfl  3eMJin  c  bwcokhm  ypoBHeM 

pa3pememiH  170+170kt; 

-  •  ,&!!«  Hccjie/ioBaHHB  aTMOc4)epHbix  nponeccoB  h  peracTpau,HH 
npHpo^Hbix  KaTacTpotJ)  -  190^300kt. 

FaGapHTO-MaccoBbie  xapaKTepHCTHKH  paccMaTpHBaeMOH  cepHH  MKA 
o6ccneiiHBaK)T  B03M05KH0CTb  hx  paaMemeHHB  h  3anycKa  Ha  xpeGye  mmc 
opGuxbi  c  Hcnojib30Bai  rae.M  PH  “Pokot". 

CxeMa  pa3MemeHH5i  cepHH  H3  bocbmh  MKA  Ha  ocHOBe  YMKII  b 
cocTaBe  nojie3Horo  rpyaa  npeflcxaBJieHa  Ha  pnc.3. 

3aKjnoHeHHe 

Hcnojib30BaHHe  yHHcjiHnHpoBaHHoro  pmia  YMKII  I-IV  KJiaccoB 
n03B0JIHT: 

pa3pa6aTbiBaTb  iHHpoKyio  raMMy  pa3JiHHHbix  no  Macce  h 
Ha3HaneHHio  MKA  npH  orpaHHMeHHOH  HOMeHKjiaType  6a30Bbix  ajicMeiiTOB 
cjiyxceGiibix  KOMruieKcoB  YMKH; 

-  coKpaTHTb  cpoKH  npoeKTHpoBaHHB  h  oxpaGoTKH  MKA; 

-  noBbicHTb  Ha^cjKiiocTb  MKA  3a  caeT  noBbimeHHfl  cepnOnocTH  h 
oTpaGoTaHHOCTH  ajieMeHTOB  cjiyxeGHbix  chctcm; 

-  CHH3HTB  3aTpaTbi  Ha  BHejipeHHe  hobmx  Gojiee  coBepnieHHbix 
arteMeHTOB  b  cocTaB  GaaoBbix  aaeMeHTOB  YMKII  I-IV  KJiaccoB  3a  cm  ex 
Gojiee  BbicoKOH  cepHHHOcTH  co3B,aBaeMbix  Ha  ocHOBe  YMKII  Maccax  KA. 

K  MHCJiy  nanGonee  aKTyajibHbix  aa^an  pa3pa6oxKH 

yHH(j)HHHpoBaHHoro  pBfla  YMKII  cjie/jyeT  oTHecTH  : 

aa/iaMH  no  co3naHHio  6a30Bbix  ajieMenxoB  YMKI1-I  b 
MaKCHMajibHoil  KOH^nrypannn  c  xcecTKHMH  o rpaHHM  eHRHMH  no  Macce  n 
3HepronoTpe6jieHHio  3a  chct  BHe/ipeHHH  nepezcoBbix  TexHoji  oxhh 
MHHHaTIOpH3anHH  KOCMHHeCKOH  TeXHHKH', 

3aflanH  no  co3naHino  nporpaMMHoro  oGecneneHHH 
nponeccoB  npoeKTHpoBaHHB,  OTJiaflKH  YMKII  h  MKA  c 
Hcnojib30BaHHeM  H3BM. 

JlHTepaTypa: 

1  .TexHMMecKoe  npemioxceHHe  “IIpoeKTHbiH  oGjihk  HC3  Ha  ocHOBe 
Majibix  h  MHHH-njiaT^opM  mi H  peinemni  iiayMiibix  h  npiiKJia/iHbix  3a,nan  b 
okoji o3eMHOM  KocMoce”,  I^HHHMani,  1998r. 
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The  abstract 

Technology-driven  space  missions,  in  contract  to  the  more  traditional  science-driven 
space  missions  are  new  roadmap  of  the  development  and  production  small  spacecraft  (SC). 

It  allows  to  build  low-coast  and  highly  effective  different  by  the  goal  and  mass 
spacecraft:  from  supermicrospacecraft  by  the  mass  <10  kg  to  spacecraft  by  the  mass  1000  kg. 

Application  of  common  software,  hardware  and  technology  manners  for  development 
these  spacecraft  is  one  of  the  possible  roadmap  for  the  insertion  of  the  techno  logy- driven  space 
missions. 

The  paper  describes  the  possible  architecture  of  unified  set  of  the  space  platform  for  different  by 
the  mass  and  the  goal  small  spacecraft.  In  this  paper  presents  spacecraft  description  for  series 
science  applications,  problem  of  the  development  of  the  unified  set  of  space  platform. 

Introduction 

Today,  there  is  the  rather  wide  spectrum  of  development  on  space  platforms  of  various 
construction  with  use  both  new,  and  existing  element  base. The  possible  classification  of  space 
platforms  by  ranges  of  soluble  problems,  configuration  of  systems  and  elements,  design  is 
resulted  on  fig.  1.  The  direction  of  creation  of  universal  space  platforms  with  a  variable 
configuration  and  structure  of  elements  is  based  on  a  highly  miniaturized  elements,  opportunity 
of  escalating  (adaptation)  their  structure  and  functional  characteristics,  and  also  opportunity  of 
reduction  of  quantity  of  channels  of  interaction  of  the  basic  systems  SC  by  transition  to 
principles  of  code  interaction,  modular  construction.  Thus  there  is  the  whole  complex  of  the 
uniform  technical  and  technological  decisions,  which  allows  to  create  on  their  basis  a  wide 
spectrum  SC  in  weight  from  1  t  up  to  units  and  under  kg. 

In  the  article  questions  of  construction  small  SC  various  on  weight  of  classes  (supermicro 
spacecraftes  of  weight  <10  kg,  micro  spacecraftes  of  weight  <  50  kg,  mini  spacecraftes  of  weight 
<  300  kg,  small  SC  in  weight  from  300  kg  up  to  (1  t)  on  the  basis  of  united  of  an  architecture  of 
unified  set  of  small  space  platforms  with  a  variable  configuration  and  structure  of  elements, 
problem  questions  of  creation  of  such  set  of  space  platforms  are  considered,  and  also  estimations 
of  possible  technical  shape  of  a  series  small  SC  on  their  basis  are  given. 


Architecture  of  a  unified  set  of  small  space  platforms 

The  offered  architecture  of  a  unified  set  of  small  space  platforms  includes: 

-  Universal  small  space  platforms  (USSP)  I  -  IV  of  classes  according  to  accepted  classification 
small  SC  on  weight; 

-  Set  of  the  general  base  technical  decisions  on  their  construction; 

-  Unified  set  of  base  elements  of  service  complexes  of  the  USSP 

-  As  the  base  technical  decisions  it  is  accepted: 

1)  Modular  construction  USSP  on  the  basis  of  use  in  the  maximum  degree  of  autonomous 
modules,  the  installation  of  which  on  USSP  consists  in  connection  to  the  trunk  of  the  primary 
power  supply  and  to  a  standard  line  of  code  intermodular  communication. 

2)  Use  in  the  maximum  configuration  USSP  of  the  following  structure  of  modules: 

-  Module  of  control  computer  ; 

-  Radiomodule; 

-  Module  of  electrosupply  on  a  basis  turning  on  two  axes  of  solar  batteries  and  chemical 
batteries; 

-  Module  of  electromagnetic  executive  meshanisms  (EMEM)  on  a  basis  reaction  wheels  ^IRE) 
periodically  unloaded  with  use  hydrazine  thrusters  or  magnetic  torquers; 

-  Module  of  interface  of  the  USSP's  equipment  and  equipment  of  payload; 

-  Engine  module  on  a  basis  cold  gas  or  hydrazine  thrusters,  for  unloading  IRE,  correction  of  a 
movement  and  on  a  basis  electric  thruster  (ET)  for  correction  of  a  movement  and  orbital 
manoeuvres; 

-  Module  of  devices  of  navigation  and  orientation. 

3)  Construction  of  autonomous  modules  with  use  of  individual  microprocessor  engineering, 
switching  —  transformation  equipment  (STE)  for  interface  to  the  general  trunk  of  the  primary 
power  supply  and  with  a  standard  line  of  intermodular  communication; 

4)  Use  unified  for  all  classes  USSP  of  a  framework  constractions  as  two  base  dimensions:  0,8m  x 
0,4m  and  0,4m  x  0,4m  with  demountable  autonomous  modules  placed  inside  a  carrying 
constraction. 

The  basic  circuit  of  configuration  USSP  is  submitted  on  fig.  2. 

The  designs  of  demountable  autonomous  modules  include  passive  thermocontrol  elements  (heat 
pipes  and  etc.)  and  can  be  produced  on  the  basis  of  known  technologies  of  designing  and 
manufacturing  of  the  radioelectronic  equipment,  on  a  basis  of  new  consruction  materials  (carbon, 
plastic  three-layer  plates  with  aluminium  foil  cellular  filling  and  etc.).  The  maintenance  of  given 
thermal  modes  of  functioning  of  the  equipment,  placed  on  a  carrying  frame  will  come  true  also, 
depending  on  conditions  of  functioning  SC,  installation  of  additional  screens,  radiators  outside  of 
a  frame.  The  accepted  base  technical  decisions  on  use  of  microprocessor  engineering  in  structure 
of  autonomous  modules,  interface  of  modules  through  general  trunks  of  information  interaction 
and  primary  power  supply  allow  to  use  perspectiv  methods  of  complex  debugging  USSP  and  SC 
as  a  whole  with  the  help  PC.  The  accepted  typical  decisions  on  maintenance  of  thermal  modes, 
constraction  USSP  and  the  arrangement  of  the  payload  and  housekeeping  modules  create  the 
preconditions  for  essential  reduction  of  volume  of  examination  SC  on  a  basis  USSP,  including 
thermal,  mechanical  tests  and  etc. 

Base  dimension  of  a  carrying  construction  are  determined  in  view  of  restrictions  on 
configuration  of  a  payload  of  rockets  -  carriers  of  easy  and  supereasy  classes  (as  rockets  - 
carriers  "Rocot",  "Start"  and  etc.),  and  also  in  view  of  the  possible  dimension,  mass  and  another 
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Fig.2  The  basic  circuit  of  configuration  USSP 


Naumov 


characteristics  of  elements  of  housekeeping  modules  IJSSP. 

The  autonomous  modules  USSP  are  supposed  to  be  built  on  the  basis  of  base  for  each 
class  of  elements.  Used  principles  modul  constraction,  escalatings  of  structure  and  characteristics 
of  a  set  of  elements,  code  interaction  allow  to  create  a  unified  set  USSP  I  -  IV  of  classes  by  use 
at  development  SC  of  particular  target  purpose  of  base  elements  of  other  classes,  making  unified 
set  of  elements. 

The  requirements  to  these  base  elements  USSP  I  -  IV  of  a  class  were  defined  in  view  of 
the  perspectiv  requirements  on  mass  perfection  SC  (relation  of  weight  payload  to  weight  SC). 

At  the  moment  given  parameter,  as  shows  the  analysis  makes  ~30  %  for  near  earthly  SC  and 
much  less  for  interplanetary  SC.  In  too  time  the  analysis  of  a  number  of  perspectiv  development 
on  small  SC  shows,  that  use  of  new  technologies  of  creation  of  elements,  them  miniaturization 
allows  to  create  SC  with  a  parameter  of  mass  factor  in  50  %  and  more.  Analysis  of  development 
of  conducting  domestic  developers  of  space  engineering  shows1  on  a  real  opportunity  at  the 
moment  creations  of  base  elements  USSP  II  -  IV  of  classes,  including  on  principles  of  escalating 
of  structure  and  target  characteristics  (contral  computer  with  escalating  by  structure, 
multiprocessor,  astrogauges,  number  IRE,  number  ETE  as  SPT  (stationary  plasma  thruster), 
radiocomplexes  I  -  IV  of  classes  and  other). 

Estimation  of  a  possible  level  of  the  characteristics  of  base  modules  for  each  class  USSP 
is  submitted  in  table  1. 


Table  1 
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optic 
laser 
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(  P  -  capacity  of  the  transmitter 
Vp  -  Throughput  of  a  radioline 
SSR  -  solid  state  recorder)/ 


As  creation  SC  of  a  class  supermicro  -  SC  (weight  <10  kg)  and  micro  -  SC  (weight  <50 
kg)  on  a  basis  USSP  I  follows  from  given  tables  1  and  II  of  a  class  in  from  the  maximum 
configuration  of  modules  in  the  nearest  prospect  is  rather  problematic.  Really  creation  SC  of  the 
given  classes  on  a  basis  USSP  I  and  II  of  classes  with  a  lowered  level  of  a  configuration  of 
modules:  use  of  rigid  installation  of  panels  of  solar  batteries,  refusal  from  reaction  wheels, 
unloading  and  correction  thrusters  with  transition  for  near  earthly  SC  for  use  magnetic  torquers 
of  system  of  orientation  SC.  Besides  on  the  basis  of  base  elements  USSP  I  and  II  of  classes 
construction  SC  of  other  classes  using  the  considered  technical  decisions  on  unification  USSP  of 
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various  classes  is  possible. 

The  basic  peculiarities  of  designing  SC  on  the  basis  of  a  considered  type  USSP  can  be 
illustrated  by  results  researches1  of  possible  technical  shape  of  a  series  near  earthly  SC  of 
scientific  purpose  for  the  decision  of  problems  of  researches  of  space  beams,  supervision  with  a 
high  level  of  the  sanction,  research  of  large-scale  atmospheric  processes  with  use  of  one  -  two 
sci  entific  devices,  registration  of  harbingers  of  the  destructive  phenomena. 

Range  of  the  requirements  to  USSP  on  the  part  of  the  scientific  equipment  (SE)  with 
reference  to  the  listed  above  problems  makes: 

-  On  weight  of  the  module  of  the  scientific  equipment  -  (30. .  .350)  kg; 

-  On  a  level  of  electrosupply  SE  -  (50. . .  500)Wt; 

-  On  accuracy  of  angular  orientation  SC  from  (5  ...10)11  up  to  10  ; 

-  On  accuracy  of  orbital  definition  -  (20. .  .25)  m; 

-  On  accuracy  of  definition  an  angular  rule  SC  -  (3 ...  10)  . 

By  results  of  research1  weight  SC  on  a  basis  USSP  will  make: 

-  For  research  of  sun-earthly  communications  and  space  beams  (110... 480)  kg  (940  kg  at 
inclusion  ET  for  orbital  maneuvre); 

-  For  operative  supervision  of  the  Earth  with  a  high  level  of  the  sanction  (170...  265)  kg; 

-  For  research  of  atmospheric  processes  and  registration  of  natural  accidents  -  (190. .  .300)  kg. 

The  dimension  and  mass  of  a  considered  series  SC  provide  an  opportunity  of  their 
accommodation  and  start  on  required  orbits  with  use  rocet  -  carrier  "Rocot".  The  circuit  of 
accommodation  of  a  series  from  eight  SC  on  a  basis  USSP  in  structure  of  a  payload  is  submitted 
on  fig.  3. 

The  conclusion 

Use  of  a  unified  number  USSP  I-IV  of  classes  will  allow: 

-  To  develop  wide  scale  various  on  weight  and  purpose  SC  at  the  limited  nomenclature  of  base 
elements  of  service  complexes  USSP; 

-  To  reduce  terms  of  designing  and  improvement  SC; 

-  To  raise  reliability  SC  at  the  expense  of  increase  number  of  verified  elements  of  service 
systems; 

-  To  lower  expenses  on  introduction  of  new  more  accomplished  elements  in  structure  of  base 
elements  USSP  I-IV  of  classes  for  the  account  increase  number  created  on  a  basis  USSP  weights 

sc. 

To  number  of  the  most  urgent  problems  of  development  of  a  unified  number  USSP  it  is 
necessary  to  attribute: 

-  Problem  on  creation  of  base  elements  USSV-I  in  the  maximum  configuration  with  rigid 
restrictions  on  weight  and  power  at  the  expense  of  introduction  of  advanced  technologies 
miniaturisation  of  space  engineering; 

-  Problem  on  creation  of  the  software  of  processes  of  designing,  debugging  USSP  and  SC  with 
use  PC. 

The  literature: 

1.  The  technical  offer  "  Design  shape  Earth  satellite  on  the  basis  of  small  and  mini¬ 
platforms  for  the  decision  of  scientific  and  applied  problems  in  near  earthly  space  ", 
TSNIIMash,  1998r. 
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Ochobm  MeTOAOjiorHH  ynpaBJieiraa  phckom  hjijj  MKA 

AH.PeMbeaa,  KLA.Cokojiob,  B.A.HanbiH-npHJiyHKHH 
UHHMMam 

141070  r.  KoponeB,  MocKoocKaa  o6jiacTb 
yji.  riMOHepcKaa ,  4 
cpaKc:  (095)  513  54  20 

H3jiaraeTca  MexoAonorari  (KOHuenmia  h  cxeMa)  ynpaBjieHHii  phckom 
Ha  Bcex  3Tanax  XH3HeHHoro  hhkjib  Manbix  KocMHaecKHX  annapaTOB  (MKA). 
PaccMOTpeHbi  cjieayiomMe  nepcneKTHBHbie  pjm  MKA  npHHUHnbi  h  moacjih: 

-  npHHHHn  npHeMjieMoro  pHCKa  (npuHHHna  ALARA); 

-  Mo^ejib  Macc-onTHMH3au;HH  (MMO); 

-  MOflejib  MMHHMH3au;HH  cyMMapnoro  pHCKa  (MMCP). 

H3jioxeHbi  opHrHHajibHbie  pe3yjibTaTbi  h  c  c ji  e a  ob ann h  aBTopoB,  KOTopbie 
npoMJunocTpHpoBaHbi  Ha  xnnoBbix  npHMepax  aHajiM3a  ocobeHHocxeH  co3AaHHn  h 
Hcnonb30BaHM3i  MKA  c  ho3mhmh  ynpaBjieHHH  phckom. 


npHHHHn  ALARA 

B  HacTOHHiee  BpeMH  jimi  pemeHHH  pa3jiHHHbix  3a;ian,  cBA3aHHbix  c 
aHajiH30M  pHCKa  b  TexHoc(J)epe,  HanOojiee  mnpOKO  Hcnonb3yioxcn  KOHpenuHa 
HyjieBoro  pucKa  h  Koimenuna  npneMJieMoro  pHCKa.5  JJjw  o6o3HaneHHa  sxhx 
KOHnenHHH  b  nocjie^HHe  foam  bcc  name  ctojih  Hcnojib30BaTb  cootbctctbchho 
a66peBHaTypbi  (aKpoHHMbi)  ALAPA  h  ALARA,  Koxopbie  pacmn^poB- 
biBaioTca  TaK: 

ALA  (P)  RA  =  As  Low  As  (Practically)  Reasonably  Achievable. 

(HaCTOJIbKO  HH3KO ,  HaCKOJIbKQ  3T0  ( cf) 3KTH1 1 CCKH )  npHeMJieMO  AOCXHXCHMO). 

nocKOjn>Ky  pHCK  Ha  npaKTHKe  Bee  paBHO  He  paBeH  Hyjiio,  B03HHKaeT 
HeobxoaHMoeTb  onpe^eneHHH  AorrycxHMoro  ypoBHH  pncKa.  3xox  AonycxHMbiH 
ypoBeHb  mojkho  TpaKTOBaTb  KaK  npHeMJieMbiH  ("pa3yMHbra",  papHOH anbHbiH 
h  T.n.)  ypoBeHb  pHCKa.  Opri  stom  hco6xoahmo  yaHXbraaxb,  hto  "HXoroBbrii" 
ypoBeHb  pHCKa  ABJUiexcn  cnencxBHeM  Sojibinoro  KOAHaecxBa  pa3Hoo6pa3Hbix 
(JjaKTOpOB,  Mepa  (cTeneHb)  HeonpeAeneHHocxn  KOTOpbix  pacnpeneneHa 
HepaBHOMepHo  no  sxanaM  xM3HeHiioro  HHKJia  o6i>eKXOB  xexnoccjrepbi. 

npeACTaBJineTCH  nejiecoo6pa3HbiM  opraHM30BaTb  nponecc  co3AaHHii  h 
HCn0Jlb30BaHHH  MKA  XAKHM  o6pa30M,  HXoObl  B03M0JKH0CTH  h  “yMeHHn” 
napHpoBaTb  Ka>KAMH  “nacxHbm”  phck  (kbk  cocxaBHOH  sneMeHx  “HToroBoro” 
pncKa)  6buih  no  bo3moxchocxh  pacnpeAeAeHbi  paBHOMepHo  no  BceM  axaiiaM 
xcH3HeHHoro  pHKJia  MICA,  T.e.  sto  -  cBoeo6pa3HbiH  aHajior  peajiH3anMH 
npHHHHna  "paBIIOnpOHHOCXM  KOHCTpyKHHH"  npH  C03AaHHH  JIK)6oH  TeXHHKH. 
HxaK,  npHM eHHTejibH o  k  MKA  moxcho  bccth  penb  o  HeKOTopbix  BapnaHTax 
3aflaq  onTHMH3anHH  npouecca  co3AaHHJi  h  Hcnojib30BaHHH  MKA  c  yaexoM 
paajiHHHbix  cjjaKxopoB  pncica,  x.e.  Becxn  pern.  o  Sanaa  ax  vnpaBneHHfi  phckom. 
Ecjih  nojib30BaxbC5i  3anaAHOH  xepMHHOjiorHeH,  xo  moxcho  roBopHXb  naxce 
HecKOJibKO  uinpe,  a  HMeimo  o  xom,  axo  ceilaac  HMGHyexcn  KaK  “Risk 
Management”. 


,0,jia  3<Jx|)eKTHBHoro  peweHna  3a^an  Taxoro  po/ia  Heo6xoflHMo  pa3pa6oTaTb 
cooTBeTCTByK)iuHe  MeTo;(bi  aHajiH3a,  opeHKH  h  ynpaBJieHHa  phckom, 
6a3HpyiomHecB  Ha  npoanoM  h  ztocraToaHO  yHMBepcanbHOM  HayaHOM 
4>yH^aMeHTe. 

C  no3Hu;HH  npHHunna  ALARA  HaM  npeACTaBjiaeTca,  hto  rjva  HccjieflOBaHHfl 
npo6jieM  pHcxa,  CBH3aHHbix  c  MKA,  BecbMa  nepcneKTHBHOH  aBJiaeTca 
TeopeTHKo-HHtJjopMauHOHHaji  KoHinenipiH  PwcKa  (TMKP)5,  KOTopaa  c  {fmanae- 
CKOH  TOHKH  3peHHa  OCHOBaHa  Ha  paCCM OTpeHHH  TpHa^bl  "HHcjpopMaHHH  -  Ma- 
Tepua  (BemecTBo)  -  SHepraa".  Ohmh  M3  B03Mo>KHbix  "paapesoB"  npejyioxceHHOH 
Ha  ocHOBe  TMKP  CxeMM  ynpaBJieHHa  phckom  (CYP)  noKaaan  Ha  pHc.l. 


Phc.  1 

[IpeaJio^eHHbie  TMKP  h  CYP  xoporno  BiiHCbiBaioTca  b  coBpeMeHHyio 
KOHuermHK)  npHeMJieMoro  pHCKa  (npHHHMO  ALARA),  b  onpeaejieHHoii  Mepe 
pa3BHBaiOT  H  4)OpMajIH3yiOT  3Ty  KOHpenpHK). 

CxeMa  ynpaBJieHHa  phckom  coctoht  H3  cjiezjyiObUHX  aeyx  KOHTypoB: 

а)  flojirocpoqHbra  ("cTpaTerHaecKHH",  BepxHHH)  KOHTyp  ynpaBJieHHa 
PHCKOM  (ZJKYP)  (BaXCHeHmHMH  3 JI eM eHTaMH  3Toro  KOHTypa  HBJIHIOTCH  6jiok 
"Ba3a  3HaHHH"  h  Bxo/HimHM  b  Hero  noa6iioK  "HopMbi  h  llpaBHJia"); 

б)  onepaTHBHbiH  ("TaKTHaecKHH",  hkdkhhh)  KOHTyp  ynpaBJieHHa  phckom 
(OKYP),  Ba^KHeHHIHMH  SjIOKaMH  KOTOporO  HBJiaiOTCa  SjIOKH  (MexaHH3Mbl): 

-  MOHHTopHHra  (c6opa  h  o6pa6oTKH  HHtjjopMapHH); 

-  npHHaTHa  pemeHHa  (no  KpHTepnio  hchhocth  HHc^opMaiiHH); 

-  B03MemeHHH  B03M0JKHBIX  nOTepb  (b  (J)0pMe  BapnaHTOB  CTpaXOBaHHB 
h/hjih  KOMneHcapHH  ymep6a  h  /ip.)- 

"Ba3a  3HaHHH"  Kax  cocTaBHaa  aacTb  JJKYP  aBJiaeTca  aHaaoroM  Tex  6jio- 
KOB,  KOTOpbie  \3Ke  HaiHJIH  IHHpOKOe  npHM eH eHHe  B  CHCTeMBX  HCKyCCTBeHHOTO 
HiiTejuieKTa.  3tot  6jiok  cjjaKTHaecKH  aBJiaeTca  "naMBTbio"  CYP,  KOTopaa  MoxteT 
6biTb  3(J)ct)eKTHBHO  Hcnojib30BaHa  npH  co3aaHHH  MKA,  a  hmchho: 


-  "Ea3a  3HaHHH"  (mnpnMep,  b  xoMnbiOTepHOM  BapnaHre)  coaaaeTca  Ha 
ocHOBe  HaKomieHHoro  onbiTa  neaoBenecTBa  (Bxmoaaa  paxeTHO-xocMHHecxyio 
TeXHHKy):  OCHOBHbie  riOHBTHa,  CBOHCTBa,  33KO HO M Cp H O CTM ,  XapaKTepHCTHKH, 
3aBHCHMOCTH,  ipa(|)HKH,  TaGjIHHbl,  TeOMeTpHHeCXaa  MHTepnpeTaUMH  3HaHHH, 
4>opMajiH30BaHHbie  3HaHH«  axcnepTOB,  cTaTHCTHKa  h  apyraa  HH<J)opMaii;HH; 

-  npOBOflHTca  cm ctcm aTM3aHHa  h  aHajiH3  cymecTBa  MexcaynapoaHbix, 
HapHOHajIbHbIX  H  OTpaCJieBbIX  KOHKypCOB  pa3JIHHHbIX  npoeKTOB,  aHajIH3 
Tpe6oBaHHM  H  peKOMeH^ailHH  CHMn03HyM0B,  KOH^epeHpHH,  CeMHHapOB  H  T.n., 
aHaiiH3  3aKa30B,  aaaaHnn  oTaenbHbix  opraramnnH  m  aacTHbix  jimh;  yxaaamtbie 
3aaaHH$i,  Tpc6oBaHH5i,  pcKOM e HaaiiHH  o6pa6aTbiBaiOTCH,  c HCTe m ara 3 m p v kit c a , 
(jDopMajiH3yiOTCfl  h  BBoiHiTca  b  KOMnbioTepHyK)  ceTb; 

-  Ha  ocHOBe  Hcnojib  iOBaHiHi  MeraaoB  h  cpeflCTB  HCKyccTBeHHoro  HHTejineK- 
Ta  npoBoaaTca  reHepnpoBaHHe  h  ot6op  hobwx  TexHHHecxnx  pemeHnn,  koto- 
pbie  yaoBaeTBopaiOT  onpeaenemibiM  TpeSoBaHnaM  h  orparameHnaM  b  aacra  Ta- 
xnx  xapaKTepHCTHK,  kbk  3HeproMaccoeMKocTb,  xoacfxlJMHMeHT  nojie3Horo 
^eHCTBHfl,  SKOJIOrHHHOCTb,  Ha^eXCHOCTb,  6e30naCH0CTb,  SXOHOMHHHOCTb  H  T.a.  c 
yneTOM  TpeSoBaHHH  peajiH3yeMocTH,  npaBa,  MopajiH  h  T.n. 

MeToaonornqecxne  ochobm  ynpaBjieHim  pncxoM  b  paMKax  CYP  Ha  3Tane 
coaaamia  MKA  3axaioqaK>Tcn  b  cneayiomeM5. 

npH  npoBezieHHH  pa6oT  no  aHajiH3y  BH/ia,  nocaeacTBnn  (npnanH)  H' 
KpMTHHHOCTM  0TKa30B  (ABIIKO,  Failure  Mode,  Effects  and  Criticality  Analysis  - 
FMECA)  KaxcflbiH  Bna  OTxaaa  (HencnpaBHOcra,  HeiirraTHOM  CHTyauHH  -  H11IC) 
aaa  MKA  paHxcnpyeTca  c  yaexoM  caeayKimnx  asyx  cocTaBaaiomHx 
KpHTMUHOCTH: 

-  BepOHTHOCTH  (hJIM  HaCTOCTH)  OTKB3a; 

-  TrracecTH  nocaeacTBnn  oxxaaa. 

Pe3yabTaTbi  aHajiH3a  pexoMCHayeTca  npeacTaBaaTb  b  Bnae  cneuHajibHbix 
TaSann,  coaepxcaianx  nepeaHn: 

-  cncTeM  (oSopyaoBaHMa),  arperaTOB,  yajion  m  T.a*; 

-  BHaOB  (THnOB)  M  npHHHH  B03M05KHMX  0TKa30B; 

-  nacTOTbi,  nocaeacTBnn,  kpmthhhocth  oTKa30B; 

-  cpeacTB  odnapyxenna  oxxa3a,  HencnpaBHOcra,  HUIC; 

-  peKOMeHaapHM  no  yMeHbnieHMio  onacnocTH  h  ap-  (npn  Heo6xoaHMocTn). 

B  Ta6aHn;e  ABEIKO  npHBeaeHa  ran o Baa  MaTpnna  “BepoaraocTb  - 

TH5KecTb  nocaeacTBnn”,  b  KoropoH  coaepxcaTca  peKOMeHayeMbie  noKa3aTeaH 
(HHaeKCbl)  ypOBHH  H  XpHTepHH  KpHTHHH  O  CTH  no  BepOHTH  OCTO  (BeHMHMHbl  - 
ycaoBHbie)  m  rascecra  nocaeacTBnn  0TKa3a  (HencnpaBHocra,  co6biraa,  HUIC). 

B  TaSarate  “ABIIKO”  Hcnoab30BaHbi  cneayiourne  oSoamuieiiHa: 

A  -  o6a3aTejibHbi  aHaaH3  pncxa  m  oco6bie  Mepbi  ana  cHHxeHna  pncxa; 

B  -  peaecooSpasHbi  aHaaH3  pncKa  h  Mepbi  ana  cHnacenna  pncxa; 

C  -  aceaaTeabHbi  aHaan3  pncxa  n  aacrabie  Mepbi  ana  cHKDxeHna  pncxa; 

D  -  npnHarae  aonoaHnTeabHbix  Mep  no  ciinxcHHio  pncxa  He  TpedyeTca. 
Ta6anna  “ABEIKO” 
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PMCK-aHajiH3  fljifl  MKA  no  peKOMenayeMon  cxeMe  (BKjnonaa  ABFIKO) 
ciie^yeT  npoBojiHXb  npe>t<me  Bcero  no  oTHoniennio  k  Han6ojiee  onacHbiM  HLL1C, 
KOTopbie  Moryr  3axpyn;HMrb  BbinojiHeHne  nocTaBJieHHbix  nepen  MKA  3a^aH. 

Xlpn  aHajiH3e  BepoaxHocxH  (P)  peajiH3apHH  (napnpoBaHini)  bo3Moxchoh 
HIIIC  (hjih  B03Moxcnoro  co6biTH3i,  BapnaHTa),  moxcho  Hcnojib30Baxb,  HanpHMep, 
KanecTBeHHyK)  uiKariy  co  cjie^yiomHMH  naxbio  ypoBHHMH  P  flini 

cooxBexcxByjonmx  HIIIC  (5-h  ypoBeHb  -  caMan  Majian  BeponxHocxb,  1-M 
caMaa  6ojibuiaa): 

5:  HIIIC  npaKTHnecKH  hcbosmoxcho  npeAOXBpaxnxb; 

4:  HIIIC  npaKTnnecKH  HeBO3MO>KH0  napnpoBaTb,  ho  Moryr  6biTb 
npenycMOTpeHbi  n  ncnojn>30BaHbi  cnoco6bi  Bbixo^a  H3  HIIIC; 

3:  HIIIC  mojkho  npenoxBpaTMTb,  ho  xpeSyioxca  tfonojiHHxejibHbie 
MeponpmrTna  no  pa3pa6oTKe  chocoSob  h/hjim  cpencxB  napnpoBaHna  HIIIC; 

2:  HIIIC,  KaK  npaBHJio,  npefloxBpainaexcn  n  napHpyexca; 

1:  HIIIC  ycneniHO  npeaoxBpainaexca. 

AHOJIH3  cxeneHH  xaxcecxH  B03M0)KHbix  nocjieacxBHH  (W)  peKOMexmyeTCH 
npoBO^nxb,  HanpHMep,  b  cooxBexcxBun  c  noKaaaHHon  Hiixce  Ta6jinnen  W  , 
r^e: 

TEX  -  xexHjmecKHH  acneicx  ynpaBJieHiw  phckom  (“nporpaMMaxHKa”  h  pp.); 

n-r-  acneKX  cooxBexcxByioinero  njiaH-rpac})MKa; 

CT  -  cxohmocxhoh  acnexx  ynpaBJieHna  phckom. 

SneMeHXbi  Maxpnpbi  ox  All  no  A35  pacniH(|)pOBbiBaioxcn,  HanpHMep,  xax: 

All:  MHHHManbHbie  npoSjieMbi  hjih  hx  Hex  coBceM; 

A12:  yMepeHHbie  naMeiieHna  (MeponpnaxHa); 

A13:  3aMexHbie,  ho  npHeMJieMbie  H3MeneHMn; 

A 14:  cyxpecxBeHHbie  H3MeHeHHa; 

A15:  HenpweMJieMbie  H3MeHeHHn,  ho  cymecxBytox  ajibxepHaxHBbi; 

A21:  MHHHMaJIbHfoie  H3MeHeHHH  HJIH  MX  Hex  COBCeM; 


A22:  Tpe6yi0Tca  aonoaHHTejibHbie  aencTBHa ,  KOTopbie  yaoBJieTBopaiOT 
Heo6xoflHMOMy  epoxy; 

A23:  cpoK  oToxiBHracTCM  npHMepHO  Ha  Mecaut; 

A24:  cpoK  OTO/jBHraeTca  ropasao  6ojibine,  aeM  Ha  Mecau,,  hjim  B03HHKaeT 
onacHocTb  HeBbinojmeHHa  pa6oT  b  cpoK; 

A25:  npaKTHHecKH  HeB03Moxaio  peajiM30BaTb  b  cpoK; 

A31:  CTOHMOCTb  npaKTHHecKH  He  MenaeTca; 

A32:  CTOHMOCTb  HecKOJibKo  B03pacTaeT  (npHMepHo  ao  5%); 

A33:  CTOHMOCTb  B03pacTaeT  npHMepHo  Ha  10%; 

A34:  CTOHMOCTb  B03pacTaeT  npHMepHo  Ha  20%; 

A35:  CTOHMOCTb  B03pacTaeT  cymecTBeHHO  6ojibuie  20%. 


TaSjmna  "W" 
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Elocjie  npoBeaeHHoro  KOMnjieKCHoro  aHajiH3a  CTponrca  MaTpnpa  "P-W" 
(cm.  pnc.  "P-W",  rae  no  BepTHKajiH  -  P,  no  ropH30HTajin  -  W),  ajieMeHTbi 
kotopoh  cooTBeTCTByiOT  cneayioiiiHM  paHraM  o6o6uj;eHHoro  (htotoboto)  pHCKa: 


Cm  —  oneHb  MajibiH  phck; 

—  epeflHHH  pHCK; 

—  oneHb  OojibuioM  phck. 


Phc.  "P-W" 


C  TOHKH  3peHHH  33/1  COBM6CTHOrO  (JtyHKHHOHHpOBaHHH  JJKYP  H  OKYP 
HH>Ke  paccMOTpeHa  MOflejib  Macc-onTHMH3au;HH  (MMO),  KOTOpaa  coraacyeTca 
c  naeaMH  BepoaTHOCTHoro  npoeKTnpoBaHHa  h  anHonTHMMaaHHW 1  ami  MKA. 

Moaejib  Macc-onTHMH3aHHH  (M  MO) 

B  .npoaecce  co3aaHHa  MKA  Oojibmyio  noMoipb  KOHCTpyKTopy  Moryr 
OKa3aTb  onpeaeaeHHbie  3aBH chmocth  THna  “pncK-Macca”  (“Haae>KHocTb-Macca”, 
“SesonacHOCTb-Macca”  h  T.n.)  zyia  paajiHHHoro  BHaa  chctcm,  arperaTOB,  y3jioB 
(3T0  -  OAHH  H3  6.JTOKOB  “Ba3bl  3HaHHH”). 


HccjiepoBaHMM  noKa3biBaiox,  xto  b  neKoxopbix  cxyaaiix  TaKMe  3aBM chmo cxm 
MoryT  6biTb  riojiyaeuM  SMnHpHaecKH  nyreM  cm ctcm axMaamiM  m  o6o6meHwa 
onbiTa  coapaHHH  H3pejiHH  KOHKpeTHoro  KJiacca.  B  naexHoexn,  mojkho 

OTMeTHTb  cjiepyiomHH  pe3yjibTaT:  pjra  BbicoKOHapeJKHbix  koh  cxpyKUMM 

HeKOTOpbIX  THnOB  H3PCPHM  KOCMHMeCKOH  TeXHHKM  HMeiOX  MeCTO  npaKXHPeCKH 
JIMHeHHbie  3aBHCMMOCTH  MaCCbl  (Beca)  KOHCTpyKMHH  OT  aorapH4)Ma  BejIHHHHbl 
ocxaxoHMoro  pMCKa  (“HeHapeiKHoexH”  KOHCTpyKMHH) . 

B  pe3yjibTaTe  cHCTeMaTH3aMMM  h  cxaxHCXHHecKOH  o6pa6oTKH  MaccoBO- 
ra6apHTHbix,  SHeprexHM ecKHX  h  ppyrwx  xapaKxepncxMK  KA  paajiMHHoro  KJiacca 
6biJiH  nojiyaenbi  aMnHpHH cckhc  coothouj  enrol  Mexgiy  Maccon  KA  m  MaccaMM 
(oXHOCHXCJIbHblMH  MaCCaMH)  KOI  1  CXpyKUMM  H  6opTOBbIX  CMCTeM  KA.  B  KaMCCTBe 
npMMepa  b  xaSjiHpe  “M”  npepcxaBJieHbi  Hxorn  c  t  axn  cxmm  e  c  k  o  ro  aHanH3a 
(3HaaeHHM  oTHocHTejibHbix  Macc  b  npopeHTax  -  %)  pa  a  pecaxw  tmiiob  KA, 
KOTopbie  paHbi  HHXce  nop,  ycjioBHbiMH  HOMepaMH  ot  N2I  po  N2IO). 

B  xa6jmne  “M”  Hcnojib30BaHH  cjiepyroipHe  ycjioBHbie  o6o3HaneHroi: 

K-n  -  KOHCXpyKMHM; 

CY£  -  cHcxeMa  ynpaBJieHMH  pBMxeimeM  (BKJiioaasi  pBHraxejiM); 

CSU  -  cHcxeMa  3Hepro(3peKxpo)nHxaHroi; 

CYBK  -  cncxeMa  ynpaBJieHroi  SopxoBbiM  KOMnjieKcoM; 

KP3C  -  KOMruieKC  papHoojieKXpoHHbix  cncxeM; 

COTP  -  cncxeMa  oGecneateHMH  xeruioBoro  pexoiMa; 

^p.  -  ppyrnc  SopxoBbie  cncxeMbi  h  o  6  opypoB ann e ; 

Cp  -  cpepHHe  3HaHeHHB  popen  Macc  (b  nponeHxax  -  %). 

Ta6jiHua  “M” 


No  KA 

K -91 

CY A 

can 

CYBK 

KP3C 

COTP 

Ap 

1 

23 

21 

18 

17 

12 

4 

5 

2 

18 

23 

19 

15 

14 

5 

6 

3 

21 

20 

21 

14 

11 

7 

6 

4 

35 

18 

10 

16 

12 

4 

5 

5 

41 

13 

12 

11 

13 

6 

4 

6 

36 

15 

13 

12 

11 

9 

4 

7 

34 

14 

14 

15 

10 

8 

5 

8 

37 

15 

13 

12 

11 

6 

6 

9 

35 

16 

14 

11 

10 

8 

6 

10 

32 

17 

11 

13 

9 

11 

7 

Cp 

31,2 

17,2 

14,5 

13,6 

11,3 

6,8 

5,4 

PeayJibxaxbi  npoBepeHHoro  sMnHpHKO-CTaTHCxHnecKoro  aHajiH3a  no3BOJiMJiH 
xaxxe  onpepejiHTb  perpeccHOHHbie  3aBHCHM0CXH  (oxHocHxejibHOH)  Maccbi  KA 
cooxBexcxByiomero  KJiacca  (xnna)  ox  ppyrax  ero  xapaKxepncxHK,  xbkhx  Karo 

-  (oxHocHxenbHbie)  Maccbi  KOHCXpyKUHH  h  6opxoBbix  chcxcm; 

-  (oXHOCMXeJIbHbie)  o6beMbI  pa3JIHHHbIX  OXCeKOB; 

-  ypejibHbie  njioxnocxH  komhohobkh  h  pp. 

Taxoro  popa  3aBHCHMocxH  Moryx  6bixb  Hcnojib30BaHbi  npH  co3paHHH  MKA 
(c  ue/ibK)  onpepejieHMB  pauMomuibHoro  o6jiHKa  h  komhohobkh  MKA). 

IJjix  cnpaBKH  yKaxeM  HeKOXopbie  MaccoBO-raSapMXHbie  xapaKxepHCXHKM 
poccHHCKO-repMaHCKoro  MKA  “MHcneKXOp”,  Koxopbin  6bin  pocxaBJieH  k  OK 
“Mhp”  c  noMombio  xpaHcnopxHoro  rpy30Boro  Kopa6jw  (TrK)  “nporpecc  M- 


36”  h  BbreeaeH  b  kocmoc  17.12.97  H3  TpaHcnopTHO-rpy30Boro  KomreMHepa  TrK 
(nocjie  OTCTWKOBKH  TrK  ot  OK  “Mhp”): 

72  kt  -  Macca  MKA  “MHcneKTOp”; 

56  x  93  cm  -  ra6apHTbi  MKA  b  ijjopMe  mecrarpaHHOM  npH3Mbi. 

rioMHMO  SMnHpHHeCKHX  3aBMCHMOCTeM  npM  C03flaHHH  MKA  MOryT 
0Ka3aTbC5i  nojie3HbiMH  MeToaoaoraaecKMe  npnimHnbi  h  Moaean,  no3BoaaioiHMe 
onpeaeaaTb  3aBHCHMOCTH  THna  “pricx-Macca”,  pernaTb  3aaaaM  HopMMpoBai rua  h 
onTHMH3apHH  pncxa  (Haae>KHOCTM,  6e3onacHOCTM,  xcHBynecTH  h  T.n.). 

JXmi  pemeHHa  yKaaaHHbix  aaaaa  hbmh  pa3pa6oTaHa  MeToaoaorna ,  b  ocHOBy 
KOTopoH  nojioxeHa  THKP  npn  HeKOTopbix  ynpomaiomHX  npeanoaoxcemiax  - 
TaK  Ha3biBaeMa5i  “Moaeab  Macc-onTHMH3au;HH”  (MMO)2,  KOTopaa  6a3HpyeTca 
Ha  Hcnojib30BaHHH  npraiuHnoB  h  (})opMajibHoro  annapaTa  ct aTH era a  e  c  k  o w 
4>H3HKH  H  Te  p  M  OaMHaMHKM .  3tB  MO^eJIb  AOBe/ieHa  HQ  KOHKpeTHbIX 

cooTHomeHHH,  KOTopbie  MoryT  Hcnojib30BaTbca  Ha  npaKTHKe.  Ma  MMO  npn 
onpeaejieHHbix  ycaoBnax  BbiTeKaeT,  b  aacraocra,  aHHenHaa  3aBncHMocTb  Maccbi 
M3aeaHa  ot  JiorapMc|:iMa  oeraToaHoro  pncKa  (ypoBHa  “HeHaaexcHOcra”, 
onacHocra  h  T.n.),  T.e.  pe3ynbTaT,  aHaaornaHbiH  TOMy,  KOTopbin  noayaen 
SMnMpHHeCKH. 

Pa3pa6oxaHHaa  (|)H3hko  -  cxara  craa  e  cicaa  Moaeab  “pHCK-Macca”  (hjih 
MMO)  iioaBojweT  pejieHanpaBjieHHo  crpeMHTbca  k  (JiopMHpoBaHmo 
“paBHonpoHHoro  no  h aaexcH octh  ”  (“paBHopacnpeaeaeHHoro  no  pncKy”)  odjiHKa 
MKA. 

O^hh  H3  BapnaHTOB  MMO  moxoho  noacrorTb  caeayiomMM  o6pa30M.  IlycTb: 

m  =  Zi  nij  -  Macca  H3aeana  (MKA)  b  peaoM; 

mj  -  Macca  i-oii  cocTaBHon  aacra  (arperara)  H3aeana; 

Ri  -  phck  (“HeHa^excHocTb”)  i-oH  aacra  H3aeana; 

Gjjj  -  aoaa  Maccbi,  riepe/iaBaeMOH  ot  i-on  k  k-oii  aacra  H3aeana. 

IlycTb  Macca  i-ro  arperaTa  ycjioBHO  pa36HTa  Ha  j  aacTew  (j  =  1,  2,  ...  ,  n). 
ripeanojToxcHM,  hto  ot  i-ro  arperaTa  oraHMaeTca  aoaa  0^  BHyrpeHHeH  Maccbi  m 
aoSaBaaeTea  k-My  arperaTy.  PIocKOJibKy  0^  Bbipaxcaerca  b  aonax,  to  10^)  <  1, 

npwaeM  Gjk  cHHTaeTca  rrojioxorrejibHbiM,  ecjin  Macca  nepeaaeTca  ot  i-ro  arperaTa 
b  k-bin,  m  OTpHnaTejibHbiM  -  b  oSparaoM  cayaae. 

Topna  art a  BbicoKonaaexaibix  H3aeanH  aaropuTM  MHHHMM3apHH  pncxa 
(MaKCHMH3au;HH  HaaejKnocTH)  oiipeaejiaeTca  caeayiotaHM  BbipaxemieM: 

{(mj)VlnRj}  {Rji-d  +  ^k^^/mj))]  .  1(  = 

!(ni;)?/  InRj}  {Rj  I" (1  +  0Jci  (™kAni))]  -  1}. 

Tbkhm  o6pa30M,  Kaxcaowy  Ha6opy  BHyrpeHHHX  Macc  arperaTOB  mp 
KOTopbie  yaoBjieTBopaiOT  cooTHomeHHK)  Xi  TTT^  =  m,  cooTBeTCTByeT  Taxaa 
MaTpHpa  ||0ij||,  hto  npn  BbinonHemm  noayaeHHoro  ycaoBna  HaaexcHocTb 
Maaejimi  MaxcHMajibHa. 

PaccMOTpHM  aacTHbiH  cayaaH,  Koraa  M3aejrae  coctoht  H3  aeyx 
“nocaeaoBaTeabHO  coeaHHeHHbix”  arperaTOB  npHMepHo  oaHHaKOBow  Maccbi 

(mi  «  m2),  npn  stom  0 12  —  0  —  -  ©21- 

Toraa  ycaoBHe  onraMH3an;HM  HaaexcHocra  M3aeana  3anmneTca  b  BMae: 

InR,  {R2I-  0  +  0>1  -  1}  =  1iiR2  {R[l-  <1  -  e>]  -  1}. 


6JIH3KMX  3HaHCHHeH  R[  H  R2  MOJKHO  JierKO  BblAHCJIHTb  BCJ1HAHHV  0. 
Hanpraviep:  ecjiM  R]  =  0,010,  R2  =  0,011,  to  0  «  0,01; 

ecjiH  R]  =  0,10,  R2  =  0,ll,  to  0  *»  0,023. 

TaKMM  o6pa30M,  fljisi  onTHMH3aiinn  mwexHocm  H3j3ejiH5i  cjiexiyeT  nepe/iai  b 
OT  nil  K  m2  COOTBeTCTBeHHO  TIpHMepHO  1%  H  2,3%  MaCCbl  nepBOTO 
arperaTa. 

PaapaOoTaHHaa  MMO  6bbia  Hcnojib30Bana  naMH  Jimi  peineHHn  3anaHM 
paiiHOHajibHoro  nepepacnpeAenenroi  Macc  ABHraTenbHbix  ycTaHOBOK  C3Y)  MKA, 
KOTopbiH  MOJKHO  3anycxaTb  c  6opTa  MexAyHapoAHOH  xocMHnecxoH  craimiiM 
(MKC)  H  KOTOpbIM  MOXHO  yCJIOBHO  Ha3BaTb  KaK  MKA-KOHTpOJIJiep  (Taxon 
MKA  oOopyaoBaH  bm  Ae  o  -  an  riapaTyp  o  h  ajm  npoBeAeroui  KOHTpoAbHbix 
Ha6iiiOAeHHH). 

G>H3HAecxan  nocrraHOBKa  yxasaiiHOH  3aAann  h  HHTepnpeTamw  pe3yAbTaTOB 
ee  pemeHHA  KpaTKo  coctoht  b  cneAyiomeM. 

Heo6xoAHMO  npoBecTM  aHaAH3  panHOHanbHoro  nepepacripeAeneHiui  Macc 
jjy  oTAeAbHbix  cocTaBHbix  MacTeH  (6aokob)  MKA  aibi  oGjieTa  MKC.  flpw  oiom 
cTpyKTypa  XJY  xexaoh  coctebhoh  Hacra  (CM)  moxct  AonycxaTb  oTxaa  oahoto 
hjih  HecKojibKMX  H3  ABHraTeneii.  IlepepacnpeAeneHHe  Macc  aoaxho  6biTb 
HanpaBJieHO  Ha  MaxcHMM3aiiHio  HaAexHocra  MKA.  B  nponecce  penienna 
3aAaiiH  SbiJTii  paccMOTpeHH  cjTeAyionxne  BapnaHTbi  cTpyKTyp  MKA  h  ero  cxeM 
noaeTa. 

MKA  coctoht  H3  Tpex  6aokob.  CHanana  c  6opTa  MKC  bmboahtch  1-h 
6jiok  (1-h  CM  MKA);  3areM  bbiboahtch  cobmcctho  2-h  m  3-h  6jiokh  (2-h  CM 
MKA).  B  AaAbHeftmeM  npoMCXOAHT  cOopxa  Ha  op6me  cocTaBHbix  HacTeib  Ecjih 
no  KaKHM-jmSo  npHnnuaM  cGopxa  He  yaajiacb,  to  nponsBOAHTCH  noBTopHbie 
nonbiTKH  nyreM  Hcnonb30BaHHH  3anacHbix  cocTaBHbix  nacTen  MKA. 

Bo3Moxen  Taxxe  BapnaHT  napannenbHoft  cGopxn  2-x  oAHHaKOBbix  MKA  Ha 
opOHTe.  B  cocTaBe  ffV  xaxAoro  6noxa  AonycxaeTcn  OTxa3  oahoto  ABHraTenn 
(arperaTa).  IIocAe  OTKasa  ABnraTCJia  BpeMH  paGoTbi  ocTajibHbix  ABuraTeaeH 
HecKOJTbKo  yBejiHnHBaeTcn  (6biah  paccMOTperibi  BapnariTbi  JXY  c  ahcjiom 
ABnraTejien  COOTBeTCTBeHHO  2,  3,  4). 

B  Tex  cjiynanx,  xorna  nepepacnpeAejiHTb  Maccy  npaxTHnecxH  cjioxho, 
ncnoAb30BaHHe  MMO  noMoraeT  onpeAejiHTb,  xaxne  cocTaBHbie  Hacra  HanGonee 
nejiecoo6pa3HO  HcnoAb30BaTb  aah  peajiH3apHH  cnocoGoB  h  cpeACTB  BbixoAa  H3 
B03MOXHMX  HeiUTaTHblX  CMTyaUHH. 

PaccMOTpHM  pe3yjibTar  peineHHH  3aAann  aim  nacTHoro  cjiynan  MKA, 
KOTopbiH  COCTOHT  H3  2-X  COCTaBHbIX  HaCTeH  (CM):  CM 1  COCTOHT  H3  OAHOTO 
6jioxa  (BJIi);  CM2  coctoht  H3  AByx  Gjiokob  -  BJ12  h  BJI3 . 

llocne  AocTaBKH  CHi,  a  3aTeM  CM2  b  3aAaHHoe  MecTo  hpoh3boahtch 
4>opMHpoBaHHc  MKA  nyreM  cGopxn  CM  (BeponraocTb  cGopxn  ycnoBHo 
nonaranacb  paBHOH  eAHHH  ne ) .  B  cnynae  iieyAanHon  AocTaBKH  MoryT 
AocTaBJiHTbcn  3anacHbie  CM.  KaxAbin  i-biH  6aok  (BJlj,  i  =  1,  2,  3)  BxnionaeT  ip 
arperaTOB,  npn  stom  aioGoh  Bji,  ocTaeTcn  paGoTocnocoGHbiM,  ecAH  b  HeM 
npoHexoAHT  OTKa3  He  6oAee  oahoto  arperaTa.  FIpeAnonaraeTCH,  ato  BennnHiibi 
HaAexHOCTH  arperaTOB  H3BecTHbi  (arperaTbi  oahoto  Gnoxa  np enn on  ar a iotch 
paBH  OHaAeXHbIMH  ) . 

PemeHHe  texoh  nacTHOH  3aAann  c  noMonibio  MMO  (npn  onpeAeJieHHbix 
o  rp  aH H T e hha x )  no3Bo;iHJio,  b  nacTHOCTH,  onpeAejiHTb  cneAyiomee: 


-  Ha^exHocTb  2-ro  h  3-ro  6jiokob  MKA  3aBbimeHa  (Ha^excHocTb  1-ro 
6jioKa  3aHHJKeHa) ,  T.e.  Bbi6paHHbiH  cnoco6  oSecneneHHH  HaflexcHocTH 
HeonTHMajieH ; 

-  ecjiH  nepepacnpeAejiMTb  Maccy  (Ha,a,e>KHocTb)  mokjiv  6jioKaMM  MKA 
3aTpyB,HHT6JIbHO ,  TO  BblXOfl  H3  B03M05KHbIX  HeiHTaTHblX  CHTyaHHH  (HI11C) 
HanOonee  nenecooSpasHO  opraHH30BaTb  Ha  ocHOBe  3-ro  Sjiokb. 

^onojiHMTejibHO  oxMeTHM  cjienyiomee.  Ecjih  nojibaoBaTbca  TepMMiiojioriieM 
Ha  coBpeMeHHOM  u«3biKe”  ynpaBjieHHB  phckom  (Risk  Management),  to  mojkho 
cxaaaTb,  hto  peKOMeimanna  oraocHTejibHO  ncnojibsoBaHmi  B03Mo>mocTeH 
Bbixona  H3  HIUC  aBJweTCB  KOHKpeTHbiM  npHMepoM  cnoco6a  (“HHCTpyMeHTa”) 
ynpaBJieHHH  phckom  npn  npaKranecKOM  npHMeHeHHH  annapaTa  MMO. 

Monejlb  MHHMM H3aHHH  CVMMaDHOrO  DHCKa  (MMCP) 

no  HameMy  MHeHHio,  jijm  MKA  BecbMa  nepcneKTHBHbiM  aBjmerca 
Hcnojib30BaHHe  Mo,o;ejiH  (ajiropHTMa)  MHHHMH3au;HH  cyMMapHoro  pncxa 
(MMCP)  3KcnepHMeHTajibHOH  OTpa6oTKH  (b  nacTHocra,  jieTHbix  HcnbiTaHMii)  h 
peneBoro  npHMeHeHHH  MKA  h  ero  cocTaBHbix  nacTeii.  OopManbHyio  nocTaHOBKy 
3a,n;anH  Taxoro  po,ga  mojkho  KpaTKO  H3jio5KHTb  cjiettyiomHM  o6pasoM3. 

AonycTHM,  hto  rmi  npoH3BojibHoro  MKA  mjih  ero  cocTaBHoii  nacTH 
(“HaaejiHH”,  hjth  “H”)  paccMaTpHBaioTCB  cjie/iyiomMe  ero  xapatcrepHCTHKH : 

z  -  hhcjio  3aneTHbix  (hjih  no6onHbix  JieTHbix)  6e30TKa3Hbix  HcnbiTaHHii 

“H”; 

s  -  o6mee  hhcjio  neneBbix  “M”; 

r  -  hhcjio  pe3epBHbix  “PI”  b  cocTaBe  pejieBbix  “H”  (T.e.  r  e  s); 

p  ’’HanexmocTb”  (BepoaraocTb  6e30TKa3Hoii  pa6oTbi)  “H”; 

Pz  -  BepoaTHOCTb  6e30TKa3Horo  npoBefleHHB  Bcex  3aneTHbix  HcnbiTaHHii; 

Ps  -  BepoHTHOCTb  ycnemHoro  BbinojiHeHHH  Bcex  nocTaBJieHHbix 
nporpaMMOH  3aB,an  npn  peneBOM  npHMeHeHHH  “H”  (Been  “itenomar”  nojieTOB); 

R  -  ’’cyMMapHbiH  phck”,  T.e.,  b  nacTHOCTH,  BepoirraocTb  Taxoro  coShthh, 
Kor^a  3aneTHbie  HcnbiTamw  6ynyr  npoBejienbi  ycnemHO,  a  aa/iaan, 
nocTaBJieHHbie  nporpaMMOH  npn  pejieBOM  npHMeHeHHH  “H”,  He  6ya:yr 
BbinojiHeHbi  nojTHocTbio  (BejiHHHHy  R  mojkho  Taioxe  Ha3bmaTb  b  ^ajibHenmeM 
npocTo  “phckom”). 

Tor^a  BbipaxceHHM  rjva  Pz,  Ps,  R  moxcho  aamicaTb  b  cnenymeM  en/ie: 

Pz  =  pz;  Ps  =  SkCskp<s-k)(i  -  P)k  =  sk  |sr / k>  (s -  k)!] p<s - w  o  -  p)k; 

R  =  Pz  {1  -  Is!  /  k!  (s  -  k)!|  p(s-k)  (1  -  p)k },  (I); 

(k  =  0;  1;  2;  r). 

Ecjih  BapbHpoBaTb  3HaLf eHHHMH  napaMeTpoB  z,  s,  r  b  BbipaxceHHH  (I)  w w 
R,  to  moxho  onpejiejiHTb  Taxoe  “onTHMajibHoe”  coneTaHHe  yxaaaHHbix 
napaMeTpoB  (T.e.  “onTHMajibHoe”  pacnpejtejieHHe  nncjia  “H”  Ha  3aneTHbie, 
nejieBbie  h  pe3epBHbie),  KOTOpoe  6yjieT  eooTBeTCTBOBaTb  MHHHMajibHOMy 
3HaneHHK)  R  (Rmin)-  AHajIH3  3aBHCHMOCTH  (I)  (R  OT  p)  nOKa3bIBaeT,  hto  juih 
jno6bix  peajibHbix  3HaneHHH  napaMeTpoB  z  h  s  cymecTByiOT  raKHe  3HanaHHB 
p  =  popt,  npH  KOTopbix  jiocTHraeTCB  mbkchm ajibH o e  3HaneHHe  “pncxa”  -  Rmax. 
Taxoe  3HaneHHe  Rmax  moxho  yenoBHo  npHHUTb  b  KanecTBe  “rapaHTHpoBaHHori” 
(“Hanxyttmen”)  opeHKH  nmi  “pncKa”  (nocKOJibKy  cjiaKTHnecKoe  3HaneHHe  R 
npn  naHHbix  z  h  s  He  Moxer  npeBbicHTb  3HaHeHHn  Rmax  c  yBepeHHOCTbio  b 
100  %,  T.e.  rapaHTHpoBariHo). 


jjjui  qacTHoro  cayaaa  OTcyrcTBmi  pe3epBa  nns\  “M”  sHa'ieHMe  p  popt 
MOXCHO  HaHTH  M3  COOTHOHieHHB  <3R/ dp  =  0,  OTKyaa  Rmax  —  [z/(z  +  S)1Z  "lS/(Z  + 

s)]. 

Tenepb  paccMOTpiiM  o6mHH  cayaaii.  06o3HaaHM  nepea  sM  MMHMMaabHoe 
xihcjio  pejieBbix  H3^ejiHH  (sM  <  s),  KOTopbie  aoaxcHbi  BbinojiHHTb  pejieBbie  3aaaan , 
a  qepe3  s  (kbk  h  paHee)  -  nHcao  Bcex  peaeBbix  “H”. 

Toraa  MaKCHMajibHoe  micao  pe3epBHbix  peaeBbix  “H”  cocTaBHT  r  -  s  -  sM. 

B  3T0M  cayxae  onpeaenemie  3HaLieHMM  popt  h  Rmax  aHaanTHnecKH  (x.e. 
nyreM  penieHMB  chctcmli  ypaBHeHHH  (I)  h  dR/dp  —  0)  npaicranecKM 
HeB03M0XCH0,  nocKOjibKy  npH  sM  >  2  yKa3aHHbie  ypaBHeHHfi  npHo6pexaiOT 
TpaHcpeH/ieHTHyio  4>opMV,  h  HBHoe  hx  penieHHe  oTHOcHTeabHO  Rmax  H(j 
cymecTByeT.  FIo3tomv  npaxoanTca  npuSerarb  k  HHcaeHHOMy  (KOMnbioTepHOMy) 
aHajiH3y. 

Ll,ejibK)  3Toro  HHcaeHHoro  aHaanaa  b  HTore  aojraHO  cTaTb  onpeaeaeHHe 
TaxoM  coBOKynHOCTH  3HaMeHHH  napaMeTpoB  aa/iaan,  KOTopbie  6bi 
cooTBeTCTBOBajiH  MHHHMajibHOMy  3HaaeHfflo  “cyMMapHoro  pHCKa  ,  T.e.  -  min 

maX  ripoBefleHHbiH  HHCjieHHbiH  aHajffl3  noKa3aji,  mto  jum  ‘‘onxHMaabHbix” 
ruiaHOB  (cTpaxerMH),  cooTBeTCTByiomHX  mill  Rmax ,  cymecTByiOT  caeayrouine 
3MnHpHHeCKH  HaH/ICHHbie  (U B  nepBOM  nPH6raeHHH  )  3aBHCHM0CTH  (TOe 

sopt  ~  1/2  (n  +  sM  -  1);  ropt  «  1/2  (n  -  sM  -  1);  zopt  »  1/2  (n  -  sM  +  1), 
zopt  +  1/2(sm  -  1)  *  ropt  +  1/2 (sM  +  1)  -  Sopt  -  l/2(s M  -  D  «  nA 
ripHMep  coBOKynHOCTH  napaMexpoB  sM,  n,  s,  z,  r,  Rmax  (b  tom  micae 
min  Rmax)  npHBeaeH  ami  HJunocTpapHH  b  Ta6amie  “R”. 

Mcnojib30BaHHe  MMCP  nosBOjmeT  caeaaTb  caeayioianii  Baxoibin  Bbrooa: 
HajiHHTie  aa>Ke  oaHoro  peaepBHoro  MKA  (“H”)  npn  BbinojmeHMM 
nocTaBjieHHbix  nepea  “rpynriHpoBKOH”  MKA  3aaaa  cymccTBe mho  cirmKaex  pncK 
BbTirojiHeHHM  neneBOH  aapaMTi  (3aaaxH  oaHoro  noaeTa),  ripnneM  aaeT  BeamiHHy 
pHCKa,  KOTopaa  b  6ojibmHHCXBe  cayaaeB  6an3Ka  k  MHHHMaabHOMy 
“cyMMapHOMy  pncKy”. 

TaSanna  “R” 
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0,1859 

0,1287  =>  min 
0,1975 
0,1232 
0,0519 

0,0402  =>  min 
0,0539 
0,1339 
0,0813 
0,0219 
0,0098 

0,0068  min 
0,0069 
0,0102 
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0,3484  =>  min 
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0,5021 

TaKHM  o6pa30M,  npejuiaraeMaa  aBTopaMH  MeTOAOJioraa  ynpaBjieHMa 
pHCKOM  MOJfeeT  atJxfreKTHBHO  HCII0jIb30BaTbCa  B  npOD,eCCe  C03flaHHfl  H 

npHMeHeHHB  MKA. 
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Here  the  methodology  (concept  and  scheme)  of  the  risk  assessment  and  management  at 
all  stages  of  life  cycle  of  small  satellite  is  stated,  the  following  perspective  for  small  satellite 
technology  and/or  missions  (SSTM)  principles  and  models  are  considered. 

-  Principle  of  reasonable  (acceptable)  risk  (Principle  ALARA); 

-  Model  of  Masses-Optimizations  (MMO); 

-  Model  of  Total  Risk  Minimization  (MTRM). 

The  original  outcomes  of  researches  of  the  authors  are  stated  and  they  are  illustrated 
with  the  typical  examples  of  the  Risk  Assessment  and  Management  for  SSTM. 


Principle  ALARA 

Today  for  a  solution  of  various  problems  connected  with  the  analysis  of  technology  risk, 
the  concept  of  zero  risk  and  the  concept  reasonable  (acceptable)  risk  are  widely  used.  Lately 
for  a  label  of  these  concepts  the  last  years  abbreviations  ALAPA  and  ALARA,  accordingly,  are 
more  often  used  and  are  interpretated  as: 

ALA  (P)  RA  =  As  Low  As  (Practically)  Reasonably  Achievable. 

As  the  risk  in  practice  is  not  equal  to  zero,  there  is  a  necessity  of  determination  of  an 
allowable  risk  level.  This  allowable  level  can  be  treated  as  a  reasonable  (acceptable,  rational 
etc.)  risk  level.  It  is  necessary  to  take  into  account,  that  the  "final  "  risk  level  is  a  result  of  a 
plenty  of  the  diverse  factors,  of  which  the  measure  (degree)  of  indeterminacy  is  distributed 
irregulary  among  the  stages  of  life  cycle  of  technical  objects. 

It  is  useful  to  organize  the  process  of  creation  and  use  of  small  satellite  (SS)  (small 
satellite  technology  &/or  missions  -  SSTM)  so  that  possibilities  and  "skills"  to  parry  each 
"private"  risk  (as  a  component  of  the  "final"  risk)  were  whenever  possible  distributed  evenly 
uniformly  among  the  all  stages  of  life  cycle  SS.  This  is,  in  fact,  the  analog  of  a  principle 
"equally-reliable  construction  "  for  want  of  creation  of  any  engineering.  So,  with  reference  to 
SSTM,  it  is  possible  to  speak  about  problems  of  the  risk  assessment. 

For  the  effective  solving  of  this  kind  of  problems  it  is  necessary  to  develop  the 
appropriate  methods  of  the  risk  asssessment  (analysis,  evaluation)  and  risk  management  basing 
upon  the  strong  and  rather  universal  scientific  foundation. 

From  the  vew  of  a  principle  ALARA  we  think,  that  for  a  research  of  problems  of  risk 
connected  with  SSTM  the  Theory-Information  Concept  of  Risk  (TICR)  is  rather  perspective. 
From  a  physical  point  of  view  it  is  based  on  a  triad  "an  information  -  substance  (material)  - 
energy  ",  One  of  the  possible  "slits"  offered  on  the  base  of  TICR  (of  the  Control  Risk  Circuit  - 
CRC)  is  shown  on  picture  1.  Offered  TICR  and  CRC  are  well  entered  into  the  modem  concept 
of  reasonable  risk  (principle  ALARA),  they  develop  and  formalize  this  concept. 

The  Control  Risk  Circuit  (CRC)  consists  of  the  following  two  outlines: 

1)  Long-term  ("strategic",  upper)  outline  of  risk  management  (LORM)  (major  elements 
of  this  outline  are  the  block  "a  Knowledge  Base"  and  the  subblock  -  "the  Norms  and  Rules"); 


2)  Operating  ("tactical",  lower)  outline  of  risk  management  (OORM),  the  major  blocks 
(“mechanisms”)  are: 

-  Monitoring  (tax  and  information  processing); 

-  Decision-making  (on  a  criterion  of  an  information  value); 

-  Reimbursement  of  possible  losses. 

"Knowledge  Base"  as  the  constituent  LORM  is  analog  of  those  blocks,  which  already 
have  found  broad  application  in  systems  of  an  artificial  intelligence.  This  block  actually  is 
"memory"  CRC,  which  can  be  effectively  used  for  want  of  creation  SSTM. 

The  methodological  foundations  of  risk  management  consisting  in  the  CRC  frameworks 
at  a  stage  of  the  SS  creation  are  following5. 

For  want  of  realizations  of  FMECA  (Failure  Mode,  Effects  and  Criticality  Analysis)  each 
failure  mode  (malfunction,  of-nominal  situation  -  ONS)  for  SSTM  should  be  conducted  with 
allowance  for  the  following  two  components  of  criticality: 

-  Probability  (or  frequency)  of  failure; 

-  “Weight”  of  failure  consequences. 

The  risk-analysis  (the  risk  assessment)  for  SSTM  under  the  recommended 
circuit  (scheme)  (switching  on  FMECA)  should  be  conducted  first  of  all  in  relation  to  the  most 
dangerous  ONS,  which  can  hamper  the  fulfilment  of  delivered  before  SSTM  problems. 

The  elements  of  the  Matrix  "P-W"  (see  fig.  "  P-W  "  is  created,  where  on  a  vertical  -  P,  on 
a  horizontal  -  W)  correspond  to  following  ranks  generalized  (final)  risk:  Very  small  risk; 
Average  risk;  Very  large  risk  (according  to  the  comprehensive  analysis). 

Model  ofMasses-Optimizations  (MMO) 

From  the  point  of  view  of  problems  of  LORM  and  OORM  joint  operation  a  Model  of 
Masses-Optimizations  (MMO)  is  considered  below.  It  agrees  with  ideas  of  probability 
designing  and  Epi-Optimization1  for  SSTM. 

During  the  SS  creation  a  good  help  to  the  designer  can  give  certain  dependences  like 
"risk  -  mass"  ("reliability  -  mass",  "safety  -  mass"  etc.)  for  the  various  kind  of  systems, 
aggregates,  knots  (it  is  one  of  the  "Knowledge  Base"  blocks).  The  researches  show,  that  in 
some  cases  such  the  dependences  can  be  obtained  empirically  by  systematization  and 
generalization  of  experience  of  the  items  of  a  certain  class  creation.  Particulary  it  is  possible  to 
mark  the  following  outcome:  for  highly  reliable  constructions  of  some  types  of  items  of  a  space 
technology  practically  the  linear  dependences  of  a  mass  (weight)  of  a  construction  on  logs  of 
magnitude  of  residual  risk  ("unreliability"  of  a  construction)  take  place. 

As  a  result  of  systematization  and  statistical  processing  of  mass-dimensional,  power  and 
other  performances  space  vehicle  of  a  various  class  the  empirical  parities  between  a  mass  space 
vehicle  and  masses  (relative  masses)  construction  and  onboard  systems  space  vehicle  were 
obtained.  As  an  example  in  the  table  "M"  the  totals  of  a  statistical  analysis  (significance  of 
relative  masses  in  percentage  -  %)  for  ten  types  space  vehicle  are  represented.  They  are  given 
below  with  the  numbers  from  N1  up  to  N10). 

The  outcomes  of  the  empiric-statistical  analysis  help  us  also  to  define  statistics  of 
dependence  of  a  space  vehicle  mass  of  an  appropriate  class  (type)  from  its  other  data,  such  as: 

-  (Relative)  construction  and  onboard  systems  masses; 

-  (Relative)  volumes  of  various  compartments  (baies); 

-  Specific  arrangement  densenesses  etc. 

Such  dependences  can  be  used  for  want  of  creation  SS  (with  the  purpose  of 
determination  of  rational  appearance  and  SS  arrangement). 

For  help  we  give  some  mass-dimensional  data  of  the  Russian-German  SS  "Inspector" 
(RSC-Energia  and  Dasa): 


72  kg  -  the  SS  "Inspector"  mass; 

56  x  93  sm  -  dimensions  of  the  SS  in  the  form  of  a  prism. 

At  first  a  prototype  has  been  developed  to  demonstrate  the  feasibility  and  benefits  of  such 
new  type  of  spacecraft.  This  demonstration  was  performed  together  with  the  Mir  station  and  a 
Progress  carrier.  The  Mir-Inspector  was  developed  under  a  RSC-Energia-Dasa  joint  venture 
and  launched  from  the  Baikonur  cosmodrome  to  aboard  the  Progress  M-36  on  5  October 
1997.  It  docked  successfully  to  Mir  on  8  October  1997.  The  flight  demonstration  was  on  17- 
18  December  1997  after  undocking  of  the  Progress  from  Mir.  The  72  kg  Inspector  space 
vechicle  was  remotely  controlled  via  the  Monitoring  and  Control  Station  (MCS)  installed  in 
the  Mir  core  module. 

Becides  empirical  assotiations  for  want  of  creation  SS  there  can  be  useful  methodological 
principles  and  models  permitting  to  determine  the  dependences  of  a  type  "risk  -  mass",  to 
decide  problems  of  a  normalization  and  optimization  of  risk  (reliability,  safety,  survival  etc.). 
For  a  solution  of  the  indicated  problems  we  develop  the  methodology,  the  “model  of  masses  - 
optimizations"  (MMO)2,  which  has  the  basis  TICR3,  for  want  of  some  simplifying  suppositions, 
which  is  basing  on  the  use  of  principles  and  formal  means  of  statistical  physics  and 
thermodynamics.  This  model  is  lead  up  to  concrete  parities,  which  can  be  used  in  practice. 
From  MMO  under  certain  conditions  follows,  in  particular,  the  linear  dependence  of  a  mass  of 
an  item  on  logs  of  residual  risk  (level  of  "unreliability"),  i.e.  the  outcome  similar  to  a  volume, 
which  is  obtained  empirically.  The  developed  physics-statistical  model  "risk  -  mass"  (or  MMO) 
allows  purposefully  to  be  aimed  to  shaping  of  an  "equally-reliable"  ("uniformly  distributed  on 
risk")  SS  and  SSTM  appearance. 

The  developed  by  us  MMO  was  used  for  a  solution  of  a  problem  of  rational  masses 
redistribution  of  the  SS  propulsion,  which  is  possible  is  to  be  launched  from  a  side  (board)  of 
an  International  Space  Station  (ISS)  and  which  is  possible  conditionally  to  be  named  a  SS- 
controller  (such  a  SS  is  equipped  with  a  video  equipment  for  realization  of  control 
observations). 

In  addition  we  shall  mark  the  following.  If  to  use  the  "language"  of  Risk  Management,  it 
is  possible  to  say,  that  the  recommendations  concerning  the  use  of  possibilities  of  withdrawal 
from  of-nominal  situatins  (ONS)  are  the  examples  of  a  method  ("tool")  of  Risk  Management 
for  want  of  practical  using  of  the  MMO  algorithm. 

Model  of  Total  Risk  Minimization  (MTRM) 

According  to  our  oppinion,  it  is  rather  perspective  for  the  SSTM  to  use  a  model 
(algorithm)  of  minimization  of  total  risk  (MTRM)  of  experimental  improvement  (in  particular, 
flight  tests)  and  target  SS  and  its  parts  application. 

It  is  possible  to  state  briefly  the  formal  statement  of  such  a  problem  as  following3. 

Let's  assume  for  any  SS  or  a  part  of  it  ("items",  or  "I")  the  following  data. 

z  -  the  Number  of  the  failure-free  flight  tests  "I"; 

s  -  the  Total  number  of  the  target  "I"; 

r  -  the  Number  of  reserve  "I"  in  structure  of  target  "I"  (i.e.  r  e  s); 

p  -  "Reliability"  (probability  of  non-failure)  "I"; 

Pz  -  probability  of  failure-free  realization  of  all  “test”  tests; 

Ps  -  probability  of  successful  fulfilment  of  all  problems,  delivered  by  the  program,  for 
want  of  target  "I"  application  (all "  a  line-up  "  of  flights); 

R  - "  Total  risk  ",  i.e.,  in  particular,  probability  of  such  an  event,  when  the  “test”  tests  will 
be  conducted  successfully,  and  the  problems  delivered  by  the  program  for  want  of  target  "I" 
application,  will  not  be  solved  completely  (the  magnitude  R  can  be  also  named  lower  simply  " 
as  risk "). 


So  the  expressions  for  Pz,  Ps,  R  can  be  fixed  as  following: 

Pz  =  pk;  Ps  =  I„  C,k  p  <-k>  (1  -  p)k  -  St  [s!  /  k!  (s  -  k)!]  p,-k)  (1  -  p)k ; 

R=  pz(l-2k  [s!/k!(s-k)!]  p<-k)  (l-p)k!,  (k  =  0;l;2;...;r).  (0 

If  to  vary  the  significances  of  parameters  z,  s,  r  for  R  in  (I),  it  is  possible  to  determine 
such  "optimum"  combination  of  the  indicated  parameters  (z,  s,  r),  which  will  correspond  to  a 
minimum  significance  min  R^x . 

The  numerical  analysis  shows,  that  there  exist  the  following  empirically  found  ("as  a  first 
approximation")  dependence  (where  -  n  =  z  +  s;  sm  =  min  s)  for  the  "optimum"  plans 
(strategies)  appropriate  min  Rmax: 

s0pt  *  1/2  (n  +  sm  -  1);  ropt  *  1/2  (n  -  sm  -  1);  zopt «  1/2  (n  -  sm  +  1); 

zopt  +  1/2  (sm  -  1)  «  ropt  +  1/2  (sro  +  1)  «  sopt  -  1/2  (sm  -  1)  »  n/2. 

The  example  of  a  sum  of  parameters  sm  ,  n,  s,  z,  r,  Rmax  (including  min  Rmax)  is  given  for 
the  help  in  the  Table  "R". 

The  use  of  MTRM  allows  to  make  the  following  important  conclusion:  the  availability 
even  essentially  reduces  one  reserve  SS  ("I")  for  want  of  fulfilment  delivered  before  "by  a 
grouping"  SS  of  problems  risk  of  fulfilment  of  a  target  problem,  and  gives  magnitude  of  risk, 
which  in  most  cases  is  close  to  minimum  "  to  total  risk  ", 

Thus,  the  methodology  of  the  Risk  Assessment  and  Management,  offered  by  the  authors, 
can  effectively  be  used  during  the  SS  (SSTM)  creation  and  application. 
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O  bo3Moxhoctm  nepeHoca  TexHOjrorHH  nHJioTHpyeMoii 
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B  flojoia/ie  paccMaTpMBaioTca  B03M0JKHbie  HanpaBJieHHn  Hcnonb30BaHHA  b 
Apyrnx  oTpacnax  npoMbinmeHHOcTM  (flO)  peayjibTaTOB  paSora  no  cncTeMaM  oto6- 
panceHHH  HH(J)OpM aU,HH  (COH)  nHJIOTHpyeMHX  KOCMHAeCKMX  oSbeKTOB  (nKO). 

COH  -  3TO  TejIOBeKO-MaiilHHHblM  HHTep4>eMC  (HMH)  TeXHH" 

necKon  cncTeMH  (TC).  9MH  coctoht  M3  Anyx  MHTeptfceftcoB:  annapaTHoro  (AH)  h 
aproHOMHHecKoro  (AH). 

AH  coBpeMeHHbix  COH  o6ecnenHBaeTCA  nporpaMMHHM  oSecneneHHeM 
KOMnbK)TepH3npoBaHHOH  CHCTeMbi  (KJ(C),  cpencTBaviH  npeACTaBJieHna  MHcJiopMa- 
u;hh  b  CBeTOBon,  3ByKOBOH,  peneBOH,  TaKTMJibHOH  h  HHbix  (JiopMax  (CFIH),  opra- 
HaMH  ynpaBJieHMa  (OY),  KOMnoHOBKoii  CFIH  h  OY  Ha  nanenax  nynbTOB. 

AH  -  3TO  ycTponcTBa  conpaxceHHH  CnH  h  OY  c  oGbcktom  ynpaBneHMH  ( 
yCTpOHCTBa  BBOfla-BblBOAa-YBB),  BblHHCAHTeAbHblMH  CpeACTBaMM  (BC),  yCT- 
poHCTBaMM  npeo6pa30Banna  imcpopManMM  (YnH). 

B  COOTBeTCTBHH  C  3TMM  B03M0JKHH  HeCKOJIbKO  HanpaBjieHHH  nOHCKa  o6beK- 
tob  aah  npMMeHeHHa  b  ,11,011.  Ato:  opraHM3aiiHOHHO-TexHHHecKMe  mctoah  (OTM) 
coaaaHHH  COH,  cpeACTBa  AH,  cpeACTBa  AH,  npHHnHnw  h  MeTOAbi  nocTpoeHHH 
IQJC  AH,  npMHnnnbi  h  MeTOAbi  cTpyicrypHOK  opraHH3au;HH  CT1H  h  OY  Ha  naHe- 
nax  nyjibTOB. 

noKa3aHO,  'ito  no  mectm  HanpaBneHHH  b  oTenecTBeHHOK  nnjroTHpyeMon 
KOCMOHaBTHKe  HMeiOTCH  AOCTKXCeHMJI  MHpOBOTO  ypOBHH.  flpUBOABTCH  npHMepbl 
hx  npMMeHeHHH  b  3HepreTHKe. 


BBeneHHe 

CoBepmeHHO  oneBHAHO,  ato  KocMOHaBTHKa  6a3HpyeTca  Ha  hobbix  TexHono- 
rnnx.  HoBbie  TexHOAornn  Tpe6yioT  3HaAHTejibHbix  BKJiaAOB,  nosTOMy,  4>HHaHcnpya 
OTpaCJIb,  B  KOTOpOH  OHH  HaAHIiaiOT  npMMeHHTbCH,  HHBeCTOp  BnpaBe  paCCHHTbIBaTb 
Ha  B03paCT  BJIOXCeHHblX  CpeACTB  B  BHAe  npJIMbIX  pe3yJIbTaTOB  KOCMHAeCKOH  Aea- 
TejIbHOCTH,  HAH  B  BMAe  AOXOAOB  OT  BHeApeHHH  HOBbIX  TeXHOJIOTHM  B  AP>THX  OT- 
paCAHX  npOMbllHJieHHOCTH  (Aon)  MJIH  npH  npOH3BOACTBe  TOBapOB  HapOAHOTO  no- 
Tpe6jieHHK  (THn). 

COH,  Kan  li enoB e ko - m am h h h hm  HHTepcpeHC  (HMH),  HBJiseTCH  oahoh  m3 
HawSojice  cneu,Hc]m'iecKHX  cocTaBHbix  AacTeft  CHCTeMbi  ynpaBJieHHA  (CY)  6ojib- 
uioh  CHCTeMbi  (EC),  b  tom  AHCJie  nMJioTMpyeMoro  KoeMHAecKoro  oGbeKTa  (HKO). 
COH  -  3TO  cHCTeMa  o6ecneneHHfl  AemejibHocTn  onepaTopoB  EC. 

CoBpeMeHHbie  COH  -  cnoxcnaa  nacTb  paAMoaneKTpoHHOM  6optoboh  annapa- 
Typbl  (PA A),  npH  C03AaHHH  KOTOpOH  HCnOAb3yiOTCH  pa3H006pa3Hbie  TeXHOJIOTMH . 

KoHCTpyKTHBHo  COH  npeACTaBJifiioT  co6oh  nyjibTbi  ynpasjieHHa  (FIY),  npH6op- 
Hbie  AOCKM  (FLA),  IHHTKH  (iAHTbl)  yTipaBJICHHA  (LU,Y).  B  COCTaB  COH  BXOA51T  CpeACTBa 
npeACTaBJieHHA  HHcJiopManHM  (CTIH),  opraHM  ynpasneHmi  (OY),  ycTponcTBa  bboab 


iO.Tan'ieHKo 


BbiBOfla  HH(jx>pMauHH  (YBB),  ycxponcxsa  npeo6pa30BaHHa  HH^opMapHH  (YI1H),  bh- 
‘iHCJiHxejibHbie  cpeacxBa  (BC),  hcxohhhkh  nmaHHa  h  flpyrae  ranw  P3  A. 

KaK  lIMH,  COH  coctoht  m  flByx  HHxepcfieHCOB: 

•  arrrrapaTHbm  HHTep^ewc  (AH)  h 

•  aprOHOMHHeCKHH  HHT€p(})eHC  (3H). 

AH  -  3X0  ">Kejie30"  HJIH  XCJIO  CHCXCMbl,  B  COCTaB  KOTOpOrO  BXOflHT  yCTpOHCTBa  co- 
npaaceHHa  CnH  h  OY  c  o6bCKxoM  ynpaBaeHHa  (ycxpoftcxBa  BBOfla-BbiBOfla  -  YBB), 
BbiHHCJiHTejibHbie  cpeacxBa  (BC),  ycTpoScTBa  npeo6pa30BaHHa  HH(J)opMapHH  (YTIH), 
CnH,  KaK  cpeaCTBa  P3A,  KapKacbi  nyjibTOB  h  npnSopHbix  aocox  h  cpeacxBa  MexaHnne- 
CKOH  3amHTbI  OT  B03fleHCTBHH  BH6paHHH  H  yflapOB  (aMOpTH3aTOpbl). 

CnH  -  oflHa  H3  ocHOBHbrx  aacxeH  xeaa  COH.  Ochobhmmh  cpeacxBaMH  CnH  hb- 
JIHK)XC»  MC>H  -  MHOrO^yHKPHOHajIbHbie  3KpaHHbie  HH^HKaXOpbl,  CBexOCHIHajlbHbie 
xa6ao,  3ByKOBbie  h  peaeBbie  CHHxe3axopbi  h  ycxponcxBa,  (JiaKCHMHabHbie  h  xeaerpaij)- 
Hbie  annapaxbi. 

OpraHbi  ynpaBaeHHa  (OY)  -  apyraa  nacxb  xejia  COH.  K  OY  oxhochxch  xyMSaepfai, 
KHonKH  h  KHonoMHbie  nepeKjiioHaxejiH,  rajiexHbie  nepeiaiiOHaxejiH,  pbiaarH  h  ap- 

3H  -  3xo  KOMnbK)xepH3HpoBaHHaa  aHaaoroBaa  CHCxeMa  ,(K)3,C),  HH<j)opMaHHa  b 
CBexoBofi,  3ByKOBofi,  peneBOH  h  apyrHX  4>opMax,  pa3Mepbi,  <f>opMa  h  HBex  opraHOB 
ynpaBaeHHa  h  oxoSpaaceHHa,  KOMnonoBKa  cpeacxB  Ha  naHeaax  nyjibxoB  h  npwGopHbix 
aocoK,  uBex  h  CBex  Bcex  3neMenxoB  paooHero  Mecxa  onepaxopa,  apyrne  aaeMeHXbi  an- 
3aHHa  H  SprOHOMHKH. 

HH<f)opMaijHOHHoe  (HO)  h  cooxBexcxByioiaee  eMy  nporpaMMHoe  o6ecneneHHe 
(nO)  KJJC  -  «ayma»  COH,  HHxeaaeKxyaabHaa  xacxb  3H.  CoBpeMeHHbie  KflC  -  axo 
rpa^nnecKHe,  3ByK0Bbie  nan  peneBbie  chcxcmm  o6pa6oxKH  h  npeacxaBaeHHa  HH<f)opMa- 
Phh.  B  hhx  Bxoaxx  aaeicxpOHHbie  CHCxeMbi  noaaepxcKH  onepaxopoB  (CnO  -  aaerrpoH- 
Hbie  HHCxpyrropbi,  aaeKxpoHHbie  6n6aHoxeKH,  SKcnepxHbie  cncxeMbi  h  x.a  ) 

Oco6eHHOcxb  COH  cocxohx  b  xom,  hxo  xa  ee  xacxb,  Koxopaa  oSpamena  k  aeaoBe- 
xy,  aoaxcHa  cooxBexcxBOBaxb  xpeSoBaHHHM  HeaoBexecKoro  (jDaxxopa,  a  nacxb,  oSpameH- 
Haa  k  oSbeKxy  h  ero  cncxeMaM,  —  xpe6oBaHHaM,  npeataBaaeMbiM  k  P3A  o6beKxa  Ha- 
3HaneHHa.  TaKaa  aBoncxBeHHoexb  ripuBoanx  k  Heo6xoaHMOcxn  yaexa  6oabiiioro  Koan- 
aecxBa  {JiarropoB.  3xa  ace  aBOHexBeHHoexb  aeaaex  CnH  oanHMH  H3  aoporocxoaianx 
cpeacxB  P3A.  no  ypoBHio  pa3BHXHH  xbkhx  cpeacxB  mohcho  opeHHBaxb  ypoBeHb  pa3BH- 
xhh  xoro  Han  HHoro  oGnjecxBa,  aaBaxb  opeHicy  oxHomeHHa  rocyaapcxBa  k  neaoBeKy. 

HMH  npncyxcxByex  b  aioGoM  xeximaecKOH  cncxeMe  (TC).  CpeacxBa  npeacxaBae- 
HHa  HH(J)opMaHHH  h  opraHbi  ynpaBacHHa  aBaaioxca  ochoboh  ayawo  h  BHaeo  xcxhhkh, 
nepcoHaabHbix  3BM,  coBpeMeHHofi  Swxoboh  xcxhhkh,  HrpoBbix  aBxoMaxoB  h  x.a.  3to 
C03aaex  6aaronpHaxHbie  npeanocbiaicn  aaa  peiueHHa  ripoSaeMbi  B03Bpaxa  BaoacenHbix 
cpeacxB  nan  aaa  ohchkh  BanaHwa  KOCMOHaBXHKH  Ha  pa3BHXHe  aHaaoraaHbix  cpeacxB  b 

ppn  h  THn. 

ts  cooBexcxBHH  co  cKa3aHHbiM  3aaaaa  oireHKH  bo3Moxhocxh  nepeHoca  KOCMHae- 
ckhx  xexHoaoraH  b  o6aacxn  COH  b  apyrne  oxpacan  aBaaexca  aKxyaabHOH. 

OcHQBHbie  pe3vai>TaTbi  na6oi  no  COH,  no.iyHeHHbie, 

B  paMKaX  HH.10THPVeiVlOH  KOCMOHaBXHKH 

B  HexopHH  nHaoxHpyeMOH  KOCMOHaBXHKH  Bbiaeaaexca  naxb  noKoaeHHH  COH,  ko- 


lO.THmeHKO 


Topwe  oTjiHHaiOTCH  ypoBHeivi  OKarna  KOMaHfl-HH^opMauHH  h  MerroaaMH  npescTaBjieHHH 

HH^OpMaUHH! 

1 .  COH IIK A  Boctok,  Bocxoa. 

2.  COH  3KcnepHMeHTajibHoro  KOpaSjiH  3KB  N°6. 

3.  COH  Kopa6jiefi  Coios,  cxannHii  Cajnox,  AjiMa3. 

4.  COH  CTamjHH  MHP  h  BKC  Eypan. 

5.  COH  Mo^epHH3HpyeMoro  KopaSjra  C0103-TMA  h  MKC  "Ajib(J)a 

OcoSeHHOCTH  KaacAoro  riOKOJieHHH  cncxeM  npencxaBjieHbi  b  1998r .  b  poRjiape  aB- 

xopa  Ha  25-x  K>6HjieHHbix  oSmecxseHHO-HayHHbix  hxchhhx,  nocBamennbix  naMHXH 
K).A.  F arapima  h  3a,ecb  He  paccMaxpiiBaioxcH. 

K  ochobhbim  flocxroKeHHHM  b  oSjiacxH  COH,  Koxopwe  6WJIH  nojiyneHbi  BnepBbie  b 

mhpoboh  npaKXHKe,  oxhocxxch 

•  OpraHH3aHHH  pa6ox  no  coapaHino  COH,  hjih  opraHHsauHOHHO-xexHHaecKHe 
Mexoflbi  npoBeseHHX  pa6ox  no  COH. 

•  Co3#aHHe  yHHKajibHbix  6opxosbix  cpepcxB  oxo6pa>iceHnx  HHiJjopManHH.  Tax, 
BnepBbie  b  mhpoboh  npaKraxe  6bum  C03flaHbi  n  npnMeHeHbi  cpeacxBa  oxo6pa- 
>xeHHH  Ha  ocHOBe  BaKyyMHbix  ajieierpoHHOJiyHeBbix  xpy6oK,  CBexonnopoB, 
XCH^KOKpHCXaJIJIHHeCKHX  IJHljipOBblX  HHflHKaXOpOB,  AHCKpeXHbIX  H  MaTpHHHbIX 
3jieKxp0JH0MHHecneHXHbix,  KaxofljnoMHHecpeHXHbix,  njia3MeHHbix  HHflHKaxo- 
poB  h  mohhxopob,  MHorouiKajibHbix  h  AByxKOopsHHaxHbix  npnGopoB  co  CBexo- 
BbiM  oxcxeroM  h  zip. 

•  Co3AaHHe  BnepBbie  b  mhpoboh  npaKXHKe  6opxoBbix  KOMnaicrHbix  pyneK 
ynpaBjieHHH  abhacchhcm  jieraxejibHoro  annapaxa,  KHononiibix  opraHOB  ynpaB¬ 
jieHHH  h  npHMeHCHHe  hx  Ha  jiexaxejibHbix  annapaxax,  b  xom  nncjie  b  COH 
HKO. 

•  Co3aaHiie  BnepBbieB  Pocchh  oopxoBon  ajieicrpOHHOonxHHecKOH  HH^opMann- 
o hho- noHCKOBonf HTIC)  h  ripHMeHeHHe  ee  Ha  cxaHiinn  Cajnox  3. 

•  Co3naHHe  BnepBbie  b  mhpoboh  npaKXHKe  AHcnnenubix  cncxeM  c  Hcnojib30Ba- 
HHeM  BHAeoKOHXpojibHbix  yexpoftcxB  xejieBH3HOHHoro  xnna  b  COH  KOpaSnen 
Coio3-7k  (BHHH  xejieBHAe«Ha  r.  C/n,  HHHP  HnO  "<Da30xp0H"  r.  MocKBa, 
COKE  JIHH  r.  5KyKOBCKHn),  b  COH  cxaHUHH  Cajnox  KOMmieKca  AiiMa3 
(COKE  JIHH  r.  JKvkobckhh)  h  b  COH  cxaHiinn  MHP  c  Hcnojib30BaHHeM  ra30- 
pa3p»AHbix  MaxpHHHbix  mohhxopob  (HHO  "3jiac"  r.  SejieHorpaa,  HHH  TPH  r. 
pH3aHb)  h  Hcnojib30BaHHe  hx  b  xanecxBe  ochobhlix  cpencxB  o6ecneneHHH  nea- 
xejibHOCXH  onepaxopoB  6ojibiiiHx  cncxeM  npn  ynpaBjieHHH  ABH>KeinieM  o6beK- 
xa  h  oGcjiyjKHBaHHH  6opxoBoro  KOMnjieKca. 

•  Pa3pa6oxKa  MexonoB  nporpaMMHO-BpeMeHHoro  ynpaBjieHHH  6opxoBbiMH  chc- 
xeMaMH  h  pa3pa6oxKa  Ha  axon  ochobc  npimminoB  nocxpoeHHH  AHajioroBon 
CHCxeMbi  3JieK'ipoHHbix  COH  Sojibinnx  cncxeM. 

K  6e3ycji0BHbiM  nocxHxceHHHM  kocmo HaBXHKH  cjienyex  oxhccxh  cosnaHHe  jierKHx 
CBapHbix  h  KJienaiibix  KOHCxpyKpHH  nyjibxoB  h  npnoopHbix  aocok  h  cpeacxB  3amnxbi  ox 
MexaHiinecKHX  bo3Achcxbhh. 

Mojkho  yxBepxcaaxb,  nxo  b  o6jiacxn  COH  cjiwkhwx  o6beKxoB  coBexcKaa  nnjioxH- 
pyeMan  KOCMOHaBXHKa  cnoco6cxBOBajia  Bbixoay  Pocchh  b  sxoh  o6jiacxH  Ha  mhpoboh 
ypoBeHb. 

Bbicokhh  ypoBeHb  pa6ox  no  COH  noflXBepjKAaexca  HajnnweM  oojibinoro  kojihhc- 


K).  Tame  hko 


CTBa  H3o6peTeHHH,  MHorHMH  Harpa^aMH  BeAyiAHx  cnepnaAncxoB  no  COH  n  npH3Hami- 
eM  bo  BceM  MHpe  aproHOMHKH,  icax  oahoipo  H3  BeAymnx  HaynHbix  nanpaBjieHHH  Konpa 
20-ro  Bexa  n  Havana  21-ro. 

BbiSop  oS^eicTOB  jjta  npHiyteHemm  b  30H  n  THH 

BbimeyKa3aHHoe  npeflCTaBjieHne  n  Aocxmcemis  b  oSnacra  COM  no3BOjiaiox  pac- 
CMaTpnBaTb  ciie^yromne  o6beicrbi  ^jia  npHMeHCHim  b  flOn  n  THII. 

1.  OpraHH3apHOHHO-xexHHMecKHe  mcxoah  (OTM)  co3AaHna  annapamon  n  npo- 
rpaMMHon  nacTen  COH. 

2.  CpeflCTBa  annapaTHoro  HHxep<J)eHca  (AH)  COH. 

3 .  Cpe^CTBa  aproHOMnnecicoro  HHxep^enca  (3H)  COH. 

4.  MexoAbi  npeACxaBjieHHH  HH^opMapnn  h  opraHH3aqnn  B3anMOAeHCXBna  nejio- 
Beica  n  ManiHHbi. 

5.  npnHnnnbi  n  MexoAw  CTpyKrypnon  opraHnsannw  CI1H  Ha  naHejiax  nyjibTOB  h 
npn6opHbix  aocok. 

OueHKa  B03MQyKH0CTH  HCIIO.H,3QBnHHH  AOCXH/KCHHH 

KOCMOMaBTHKH  B  3011  H  THII 
OpratiH3au|HH  pafioT  no  co3AaHHio  COH. 

Bbimeyfca3aHHbie  AOCXHAceHna  cxajin  bosmoachmmh  6-naroAapH  npHHsrron  b  poc- 
chhckoh  nnAOTHpyeMOH  KOCMOiiaBTHKe  cxeMe  opranH3annn  pa6oT  no  COH.  3xa  cxeMa 
6bma  OAo6peHa  UJC  KnCC  n  CoBexoM  mhhhctpob  CCCP,  noAAep^ana  AH  CCCP,  mh- 
HncTepcTBaMH  BoeHHO-npoMbiuiAeHHoro  KOMnjieKca  (BITK),  PKK  "OHepraa"  hm.  C.n. 
KopojieBa,  OHni(  «HnO  MamnHocxpoeHH5i»  r.  PeyxoB,  ITCHim,  hm.  M.B.  XpyHHneBa 
n  p»aom  CaMOAeTHbIX  OKB. 

B  ocHOBy  npeAAoaceHHOH  cxeMbi  6bma  nonoaceHa  KOHnenijHH,  b  cooTBeTCTBHH  c 
KOTOpOH  C03AaHHe  BbICOK03$4)eKTHBHOH  COH,  OTBe'iaiOmeH  TpeSOBaHHHM  KOCMOHaB- 
thkh  npn  orpannHeHHHx  na  MaxepnajibHbie  h  (jpnnaHCOBbie  pecypcw,  bo3mo>kho  npn  yc- 

A0BH3X,  HXO 

а)  COH  -  3xo  cocxaBHaa  nacxb  cahhoh  nepapxnHecKon  cncxeMbi  ynpaBjieHM  06b- 

exxoM,  Ha  BepxHeM  ypOBHe  Koxopon  HaxoAnxca  neAOBeK  n 

б)  COH  -  3xo  eAHnatf  cncxeMa  oSecnenennsi  AesxejibHOCxn  onepaxopoB. 

Taxon  toaxoa  npeAnojiaraex  B03A0>KeHHe  oxBexcxBeHHocxn  3a  co3AaHne  COH  Ha 
oaho  npeAnpnaxne  h  cahiicxbo  HayHno-nccACAOBaxcAbCKnx  n  onbixHO- 
KOHCxpyxxopCKHX  pa6ox.  B  KOCMOHaBxnice  3xa  4)yHKuna  6buia  B03A0>KeHa  COKE  JMH 
r.DKyKOBCKnn. 

npeAAOweHHbin  toaxoa  k  COH  no3BOjinji: 

•  co3Aaxb  cnet(HajiH3HpoBaHHbie  noApa3AejieHHH  n  CKOOpAnunpoBaxb  nx  Aea- 
xejibHOCXb  no  co3AaHHio  Bcex  KOMnoHeHXOB  COH, 

•  HaynHO  oSocHOBaxb  aproHOMnnecKne  n  xexHnnecKHe  xpe6oBaHHH  k  COH  n  ee 
KOMnoHeHxaM, 

•  co3Aaxb  MOAejinpyioiAHe  nccAeAOBaxejibCKne  cxchaw,  Koxopbie  3axeM  cxajin 
OCHOBHMM  epeACXBOM  HanajIbHOH  nOArOXOBKH  KOCMOHaBXOB, 


lO.TarraeHKO 


•  OTpa6oTaTb  TexHOAonaio  npoeKTHpoBEHHA,  hstotobachha,  OTpa6oTKH  h  no- 
CTaBKH  COH,  KaK  CflHHblX  HHTerpHpOBaHHblX  CHCTeM. 
npHHsnraa  cxeMa  no3BOJiHJia  co3flaTb  COH  aaa  KOpaSjw  BbixoA  b  TerieHHe  oahoto 
ro/ia  (ot  nocrraHOBKH  3a^aHn  no  hoctebkh  mraTHoro  KOMnjieKTa).  CroAbKO  >xe  BpeMCHH 
noTpeSoBajrocb  fljia  cosashha  h  oTpaSoTKH  COH  «Mnp3aM»  nun  ctehijhh  CaniOT  h  AP- 

OCHOBHbIMH  OpraHH3aiJ[HOHHO-TeXHHHeCKHMH  AO Ky  MeHTEM H  npH  C03flaHHH  KOCMHHe- 
CKOH  TCXHHKH  BBAHIOTCA  nOAOXCCHHA  HO  o6eCneLieHMK)  KaneCTBa  pEKeTHO-KOCMHHeCKOH 

TexHHKH,  EnCH  -  eflHHbie  njiaHbi  co3AaHHA  h3acahh,  Kn30  -  KOMruiexcHbie  njiaHbi 
BKcnepHMeHTanbHOH  orpaSoTKM  h3acahh  h  nOHE  -  njiaHbi  (nporpaMMbi)  oSecneneHHH 
HaAexcHOCTH  h  6e3onacHOCTH  hsacahh. 

34>(J)eKTHBHOCTb  noAxoAa  k  co3,aaHHio  COH,  Kax  k  cahhoh  CHcreMe,  6bma  noA- 
TBepxcAeHa  onbrroM  pa6oTbi  HHHAO  npH  co3AaHHH  nHAOTaxcHO-HaBHraijHOHHbix  kom- 
nneKCOB  (nHK)  aaa  caMOAeroB  HJ1-96,  TY-204,  HJ1-1 14  h  coBMecTHO  c  oahoh  m  <|>HpM 
CHIA  -  aaa  caMOACTa  EE-200.  MoAeAHpyioinHe  crenAbi  OTpa6oTKH  nHK  b  HHHAO  b 
nocAeAyfomeM  craAH  ochobhbimh  cpeACTBEMH  noAroTOBKH  aioinaaceH  hobmx  caMOAe- 

TOB. 

CoBMecTHO  c  Hno  An  r.  MocKBa,  OKE  MauiHHOCTpoeHHA  r.  TopbKHH  h  npeAnpH- 
athamh  MmaTOMa  CCCP  cxeMa  pa6oT,  npHHATax  b  kocmohebthkc,  6bma  npeAAOxceHa 
npH  C03AaHHH  aBTOMaTH3HpOBaHHbIX  CHCTeM  ynpaBAeHHH  (ACY)  TeXHOAOTHHeCKHMH 
nponeccaMH  3Hepro6AOKOB  nepcneKTHBHbix  A3C  h  npH  MOAepHH3au;HH  ACY  KaA3C. 

3Ta  cxeMa  MoaceT  6biTb  pexoMeHAOBEHa  aaa  npHMeHeHHA  npH  co3A3hhh  COH 
ACY  T3I),  F3C,  pa3AHHHbix  oObcktob  npoMbiuiAeHHOro  Ha3HaneHHA. 

CpeACTBa  annapaTHoro  HHTep^efica 

Kate  6bmo  cxa3aHO  Bbirne,  AH  -  3to  tcao  CHCTeMbi,  b  cocraB  xoToporo  bxoaat  YBB, 
BC,  YITH,  CnH,  OY,  xax  cpeACTBa  P3A  h  KapKacbi  nyAbTOB  h  aMOpTH3aTOpbi. 

CpeACTBa  OTo6paaceHHA  BH3yaAbHOH  HH^opMattHH. 
rAaBHblMH  SAeMeHTEMH  COBpeMeHHbIX  COH  60AbHIHX  CHCTeM  ABAAfOTCA  HX  Bbl- 
HHCAHTeAbHbie  CHCTeMbi  (BC)  H  MHOTO(J)yHKHHOHaAbHbie  CpeACTBa  OToSpaXCeHHH  HH- 
(JiopMaHHH  (MOCOH  hah  MOH).  OcTaAbHbie  cpeACTBa  P3A  COH  abaaiotca  3Ebhch- 
MblMH  OT  BC  H  MOH. 

OcHOBOH  MOH  ABAABOTCA  3KpaHHbie  HHAHKETOpbl  Ha  OCHOBe  3AeKTpOHHOAylieBMX 
Tpy60K  (3J1T),  ACHAKOKpHCTaAAHMeCKHX  (5KKH),  3AeKTpOAK)MHHeCpeHTHbIX  (3JIH  ), 
ra3opa3pAAHbix  (TPH)  hah  nAasMeHHbix  h  KaTOAAiOMHHecHeHTHbix  (KJIH)  naHeAeii. 

HecMOTpa  Ha  OTMenenHwe  Bbirne  BnenaTAAioiAHe  aocthacchha  pocchhckoh  koc- 
MOHEBTHKH  nO  6opTOBbIM  CpeAC-TBAM  0T06pa>KeHHA  HH(fsOpMaiIHH,  npEKTHHeCKH  HH  OAHO 
H3  HHX  He  HaiHAO  CBOeTO  npHMCHCIIHA  H  pa3BHTHA  B  POCCHH  H  ApVbHX  CTpaHaX  CHT. 
OcHOBHaA  npHHHHa  3TOMy  OTpbIB  KOCMHHeCKHX  TeXHOAOTHH  OT  ypOBHA  npOH3BOACTB 
THn,  HX  BblCOKEA  CTOHMOCTb  H  COOTBeTCTBeHHO  GOAbUJHe  3aTpaTH  Ha  OpraiIH3aHHIO 
MaccoBoro  npoH3BOACTBa.  3Ta  hhuie  Obicipo  6bma  3aHATa  3apy6excHbiMH  CTpaHaMH. 
KoHKypeHTOcnocoOHbiMH  ocraioTCH  tcxhoaothh  KaTOAAiOMHHecpeHTHbix  h  nAa3MeH- 
HblX  HHAHKETOpOB .  Ho  AAA  OpraHH3aU,HH  MECCOBOTO  npOH3BOACTBa  3KpEHOB  HE  HX  OCHO¬ 
Be  TpeOyiOTca  3Ha'iHTeAbHbie  HHBecTHHHH. 

Bbl6op  BHAeOMOHHTOpOB  COH  SaBHCHT  He  TOAbKO  OT  HX  (J)H3HHeCKOH  OCHOBbl,  HO 
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h  ot  cnoco6a  (j)op MHpOB aHHs  H3o6pa>KeHH«  3Aecb  Mbi  BbiAenaeM  Tpn  Kjiacca  bhacomo- 
HHTOpOB!  BHAeOMOHHTOpbl  T6JI6BH3HOHHOrO  THna  (TB-MOHHTOpbl,  TB-npHeMHHKH), 
CneAHaAH3HpOBaHHbie  BHAOOMOHHTOpbl  C  <f)yHKIJHOHaAbHbIM  MerOAOM  (J)OpMHpOBaHHH 
H3o6paaceHHa  Ha  3Kpane  h  BHAeOMOHHTOpbl  rana  VGA,  SVGA  c  aHaaoroBbiMH  h  ijh(|)- 
pOBblMH  BXOAaMH. 

OCHOBHbIM  AOCTHJKeHHeM  KOCMOHaBTHKH  ABHAOCb  HCn0Ab30BaHHe  TB-MOHHTOpOB 
Aaa  OTo6paaceHna  pa3HOo6pa3HOH  HHifjopMaHHH  h  coBivremeHHe  ee  c  TB-HH^opMauHeK. 
3to  AOCTHaceHHe  no3BOJMJio  cosAaBaTb  b  TeneHHe  mhothx  act  BbrcoK03(jxf)eKraBHbie 
COH  h  pernaTb  3aAanH,  KOTopbie  ApyrHM  mctoaam  6biah  HeAOCTynHbi. 

B  HacToamee  BpeMa  BC/ran  Bonpoc:  pa3BHBaTb  TB-MOHHTOpbi  h  Ha  hhx  OTo6pa- 
xcaTb  AHcnAeftnyio  HH(j)opMan,HK)  hah  HcnoAb30BaTb  Te  MarpHHHbie  mohhtopbi,  Koxopbie 
HcnoAb3>TOTca  b  nepcoHaAbHbix  KOMribiOTepax,  h  Ha  hhx  OToSpaacarb  TB-HH^opManHio 
h  peuiaTb  3aAany  ee  coBMemenna  c  ahchachhoh. 

HecMOTpa  Ha  HeocnopHMbie  AOcraaceHHa  b  paMKax  nepBoro  nyra,  3Aecb  npeAAa- 
raeTca  btopoh,  T.e.  peuieHHe  sbabbh  oToSpaaceHHa  TB-HH<j)opMaij(HH  Ha  MOHHTopax 
nepcoHaAbHbix  KOMnbioTepoB. 

CooTBCTCTBeHHO,  COKE  KT  HHHAO  h  TOO  «C06H  BHAeocKaH»  r.  MocxBa 
npeAAaraiOT  b  (JiopMaTe  MHKpo-PC  6opTOBbie  h  Ha3eMHbie  ycTpoficTBa  npeo6pa30BaHHa 
TB-HH<J)opMapHH,  coBMemeHHe  ee  c  ahchachhoh  HiK^opMapHen  h  bbiboa  cobmchichhoh 
HH(|)OpMau;HH  Ha  VGA-  BHAeOMOHHTOpbl. 

BbIHHCAHTeAbHbie  CHCTCMbl  COH. 

B  KOCMOHaBTHKe,  aBnaiJHH.,  aAcpHOH  3HeprCTHKe  h  ApyrHx  OTpacAax  npoMbraiAen- 
hocth  aaa  pemeHHa  3aAan  COH  co3AaBaAHCb  cnenHAJiH3HpOBaHHbie  BbiHHCAHTeAH.  3to 
ripHBOAHAO  k  napaAAeAH3My  b  paSoie,  HCoSocHOBainibiM  3aTpaTaM,  HeB03M0acH0cra 
iiiHpoKoro  HcnoAb30BaHHa  AocraxceHHH  oahoh  orpacAH  b  ApyroH.  B  KOiine  80-x  toaob 
mbi  o6ochob3ah  meAecooSpasHOCTb  nepexoAa  k  HcnoAb30BaHHK>  Ha3eMHbix  tcxhoaothh 
Aa a  peuieHHa  saAan  OToSpaaceHiia  HH<J)opMaipiH  b  chctcmbx  cnepHaAbHoro  Ha3HaHeHHH. 
B  KanecTBe  6a30B0H  npeAAOxceHa  KOHnemjHa,  opneHrapoBaHHaa  Ha  co3AaHHe  bmhhcah- 
TeAbHbix  cpeACTB,  annaparao  h  nporpaMMHO  coBMecTHMbix  co  cpeACTBaMH  IBM  PC. 
OcHOBbiBaacb  Ha  stoh  KOHiienmin,  co3AaioTca  COH  aab  MOAyneH  poccHHCxoro  cerweH- 
xa  MeacAyHapOAHOH  kocmhacckoh  ctahahh  h  Kopa6jja-cnacaTeAH  Cok>3-TMA.  C  yne- 
tom  bo3mo>khocth  HcnoAb30BaHHa  Ha3eMHoro  nporpaMMuoro  ooecneneHMa  aaa  peme¬ 
HHa  3aAan  OToGpaaceHHa,  stot  nyrb  moxcct  oxasaTbca  onppMaAbHbiM.  B  cboxo  oiepeab 
na3eMHbie  tcxhoaothh  6yAyr  o6oramaTbca  AOcraaceHHaivfH  BoeHHO-opiieHTiipoBaHHbix 
OTpacAen. 

JaKHM  o6pa30M,  aab  yMeimmeHna  3aTpaT  Ha  co3AaHHe  cneuHaAHSHpOBaHHbix 
COH  h  co3AaHHe  ycAOBHH  AJia  SbiCTpro  B03BpaTa  cpe^CTB,  BAoacenHbix  b  bochho- 
opHeHjHpoBaHHbie  OTpacAH  npeBAaraerca  0Tica3aTbca  ot  AOporocToamnx  crreHHanbHbix 
pa3pa60T0K  H  nepeHTH  K  HCipAb30BaHHK)  Ha3eMHbIX  KOMnblOTepHbIX  H  HIJ<|)OpMaHHOH- 
Hbl.X  TeXHOAOCHH.  }  :  '  :  \ 

CpeACTBa  CBCTOBOH  CHrHaAH3apHH 

fljia  cHcxeM  cHrHaAHaaHHH  IJKA  6mah  co3AaHbi  CHraaAH3aTopbr  Ha  ochobc 
3AeicrpoAK)MpHecHeHAHH  (3JIH).  3tot  ran  cHTHaAH3aT0p0B  iimpoxo  ifcnoAb30BaAca  b 
HyAbTax  Bcex  OTenecTBeHHbix  ITKO,  b  tom  hhcac  6e30TK33H0  b  xeneHHe  6oAee  1 3  act  Ha 
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CTaHUHH  MHP.  3JIH  MorjiH  6bi  Haft™  mnpoKoe  npHMeHCHHe  b  npOMbimjieHHOc™,  ho  b 
Pocchh  Bee  pa6oTbi  b  sxom  HanpaBjiCHHH  npeKpamcHbi,  a  BoeexaHOBneHne  hx 
npoH3BOflCTBa  xpeGyex  MHBecxHijHfi.  npHMeHemia  b  npoMbinrjieHHOCTH 

Henecoo6pa3HO  paccMOTperb  cHrHanH3axopbi  Ha  ochobc  BaKyyyMHoft  hjih 
KaTOAJHOMHHecueHHHH  (BJ1H),  TexHOJiorHH  KOTOpoft  b  Pocchh  noAAepxcHBaexca  Ha 
BbICOKOM  ypOBHe. 

OpraHbi  ynpaBjieHHH. 

OpraHbi  ynpaBjreHHB  (OY)  -  axo  cpeacxBa  B03AeftcxBHH  Ha  oGteirr  ynpaB.neiiHM  h 
AHajxoroByK)  CHCTeMy.  3xo  pyxoaxKH  ynpaBjieHHH  ABHxceHHeM,  xyiviGnepbi,  khohkh  h 
KHonoHHbie  h  rajieTHbie  nepeKAKmxeAH,  pbinarH  h  Ap- 

OxeiiecxB6HHaa  KOCMOnaBTHKa  oxasajia  npsMoe  bjihhhhc  Ha  nepexoA  b  aBHapHH  h 

B  po6oTOTeXHHHeCKHX  CHCXCMAX  K  KOMHaKTHbIM,  TaK  Ha3bIBaeMbIM  GoKOBbIM,  pyHKBM 
ynpaBjieHHa  ABHxceHHeM  caMO.neTOB,  po6oTaMH  h  MaHHnyAaxopaMH.  BoxoBbie  pyHKH 
ynpaBjieHHa  BMecxo  uiTypBajia  BnepBtie  noaBHAHCb  Ha  xopaGne  Boctok.  Kaic  hh  noKa- 
xcercx  crpaHHbiM,  urapoKoe  npHMCHCHHe  b  oxeqecxBeHHofi  aBHaijHH  Gokobmx  pyneK  na- 
najiocb  nocae  noaBneHHH  hx  Ha  3apy6exmbix  caMOJieTax.  JJp  sxoro  ohh  uinpoKO  h  3<j>- 
<|)eKTHBHO  npHMeHHjiHCb  Ha  BepTOJieTax. 

CoBpeMeHHbie  pyHKH  ynpaBjieHHa  -  3to  3pronoMHiiecKH  cAOACHbie  ycTpoftcTBa.  H 
OHeBHflHO,  cjioxcHOCTb  hx  GyAer  HenpepHBHO  BospacxaTb,  nosTOMy  ajm  hx  pa3BHXHX 
xpeGyioxca  hhbccthhhh,  icaic  b  paMKax  kocmhhcckhx  nporpaMM,  xax  h  b  paMKax  npo- 
rpaMM  pa3BHXH»  aBHauHH  h  poGoxoxexHHKH. 

KHonoHHbie  OY,  BMecxo  xyM6nepOB  h  apyrnx  xnnoB  OY,  cxajiH  ochobhwm  cpeA- 
cxbom  ynpaBjieHHx  b  aBiiapHH,  COH  npoMbiiiiAeHHbix  oGbcktob,  KOMnbioxepHoft  xcxhh- 
xe  h  ap. 


Cpcac  i  ea  aproHOMHHecieoro  HH  rcp(j>eftca 

3H  coBpeMeHHbix  COH  -  axo,  npexcAe  Bcero,  KOMnbioxepH3Hpo b aHHaa  »Hajioro- 
Baa  CHCxewa  (K£C)  oGecneneHHS  AeaxejibHoexH  onepaxopa  Gojibuioft  CHCxeMbi  h  neH- 
xpajiH30BaHHaa  cncxeMa  aBapHHHoft  h  npeaynpeanxeabHoft  cbcxoboh,  3ByKOBoft  h  pene- 
BOft  CHrHanH3apHH  (H,CC). 

Kax  obuio  cxa3aHO  Bbime,  b  KanecxBe  ocHOBHoro  xexHHnecKoro  cpeflcxBa  K/U 
npeaaaraioxca  cpeacxBa  Ha  ocuoBe  OK,  annapaxHO  h  nporpaMMHO  coBMecxHMbix  c  TIK 
xnna  IBM  PC.  Co3naHHe  COH  Ha  ochobc  noAoGHoro  xnna  HK  Be«exca  b  paMKax  mok- 
ayHapoAHoft  KoeMHMecKoft  cxaHiiHH  h  fljTfl  KopaGAa-cnacaxeAx  Cok>3-TMA. 

PaGoxbi  no  oGocHOBanmo  npunuHnoB  nocxpoeHHa  LJ,CC  senyxcs  mhoxhmh  nayn- 
HblMH  KOJUieKXHBaMH  BO  MHOrHX  CXpaHaX  n03  pa3JIH4HbIMH  HaHMeHOBaHHXMH :  3JieK- 
xpoHHbie  HHCxpyKxopbi  (3H),  chcxcmbi  noAAepxcKH  onepaxopOB  (CnO),  SKcnepxHbie 
CHCxeMbi  (3C)  h  Ap.  AHariH3  3aAan  h  ^yHKqnft  Ii;CC  noKa3biBaex,  qxo  ohh  Moryx  Gbixb 
peaAH30BaHbi  Ha  cpeACXBax,  aHanorHHHbix  cpeACXBaM  K^C. 

OcHOBoft  K#C  3H  ABAaexca  HH(J)opMauHOHHoe  (HO)  h  cooxBexcxByiomee  eMy 
nporpaMMHoe  oGccneneime  (nO)  KflC.  HO  h  nO  KflC  -  3xo  hhxcaackx  COH,  h  oh  hh- 
AHBHAyaneH  aas  xaxcAoro  xnna  oGbcxxob.  OGiahmh  Moryx  Gbixb  npHHHHnbi  nocxpoe- 
hh«  AHanoroB  h  mctoabi  npoeKXHpoBaHKH  HO  h  no. 
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COKE  KT  HHHAO  cobmcctho  c  PKK  "OHepraa"  b  paMKax  nporpaMMbi  MKC 
«Ajib^)a»  BeayT  pa6oTbi  no  cosashhio  no  Goptoboh  AnanoroBOH  CHCTeMbi.  Ilpn  stom 
nepcneKTHBHbiM  nanpaBjicirneM  cHHiraeTca  C03Aanne  nojib30BaTejibCKoro  HHTepifieHca, 
KOTOpblH  no  3(f)(f)eKTHBHOCTH  H6  yCTyiiajl  6bl  HHTCp(|)CHCaM  Microsoft 

Taicaa  opHeHTanna  c,aejiaHa  noTOMy,  hto  AOMHHHpyiomHMH  cpeACTBaMH  CTajm 
nepcoHajibHbie  KOMrcbiOTepbi  c  OTKpbrron  apxHTeKTypoii:  (annapaTHbin  HHTep^enc)  n 
nojib30BaTejibCKne  HHTepifieHCbi,  npHHATbie,  HanpHMep,  b  OC  Norton  Commander, 
Windows  h  Ap  ^ocraxceHHx  na3eMHbix  TexHOJionin  npeAnaraerca  ncnojib30BaTb  npn 
C03n,aHHH  GopTOBbIX  COH.  KpOMe  KOCMOHaBTKKM.  B  HaCTOHHipe  BpeMH  K  TaKOMy 
Bbi6opy  CKJiOHHbi  MHorne  OTenecTBeitHbie  h  3apy6excHbie  cpMpMbi  npHMeHMTenbHo 
k  o6beKTaM  pasnHHHoro  HasHa'iem-is,  b  tom  HHcjie  b  aBMaijHM.  CoBepmeHHO 
ohcbhaho,  hto  pe3yjibTaTbi  otoh  pa6oTbi  b  nocjie/iyTonieM  Moryr  Hairra 
npKMeHeHHe  b  flpyrux  oTpacnnx  iipoMbimjieHHocTM  h  Ha  noABHXCHbix  o6beicrax 
pa3JIHHHOTO  Ha3HaHeHHH. 

MCTOAbl  npeflCTaBJlICHHH  HH(f)OpMaiJHH  H  Opi  aHHiaiJHH  B3aHM0AefiCTBH«  ne- 

JIOBeKa  H  MaUIHHbl. 

B  KOCMOHaBTHKe  Gmah  npefljioxceHbi  npHHpHnnajibHO  HOBbie  nonxoAbi  k  no- 
CTpoeHHK)  COH,  xaK  HejroBeKO-MamHHHoro  HHTep^enca  (HMH).  3th  noAxoAbi  ocho- 
saHbi  Ha  cjieayiomHX  npHHijHnax: 

•  B03M05KH0CTb  nporpaMMHoro  npeACTaBAenna  Hejieil  h  3aaan  aeaTejibHOCTH 
AK)GOH  CJI05KH0H  CHCTeMbi; 

•  B03M0>KH0CTb  npencTaBjieHHH  b  BH^e  HepapxHHecKoro  AepeBa  aioGoh  cjtoxc- 
HOH  CHCTeMbi  AeaTejIbHOCTH 

•  B03M0JKH0CTB  nporpaMMHoro  npencTaBjieiina  HCJieii  h  3anan  (fiyHKHHOHHpo- 
BaHHH  CHCTeM,  nOflCHCTCM,  6jI0K0B  H  T.A-  GoAblHOH  CHCTeMbi 

Bo3MOxcHOCTb  nporpaMMHoro  npeacTaBjieHna  aioGoh  sanaHHOH  nanepCA  hcjih 
HBjiaercH  HayHHOH  ranoTe30H,  KOTopaa  flOKa3aHa  cobctckhm  yneHbiM  r.B.KopeHeBbiM. 
OcHOBbiBaacb  Ha  stoh  rnnorese,  mbi  roBopHM,  hto  Ana  AOCTHXceHHa  3aAaHHon  pejiH  He- 
oGxoahmo  pa3pa6aTbiBaTb  nporpaMMbi,  HanpaBAeHHbie  Ha  hx  AOCTHxceHHe,  h  orpaHHne- 
HHa,  HamiaAbiBaeMbie  Ha  nporpaMMbi.  npn  stom  hhcjio  nporpaMM,  HanpaBjieHHbix  Ha 
AOCTHxceHHe  3aAaHHbix  neaeft,  kohchho. 

IIporpaMMa  sto  nocACAOBaTCAbHOCTb  ncnojiHaeMbix  komaha,  b  pe3yAbTare  koto- 
pbix  BKAtonaiOTCH  (nepeKAioHaiOTca  hjih  BbncnioHaiOTCa)  arperarbi,  3aAaiOTca  ycraBKH  Ha 
OTKAOHeHne  oceS  ABHraTe.na,  peryjiHpyerca  noAana  ron/iHBa  h  t.  a.  npH  otkaohchhh 
napaMCTpOB  ot  3aAaHHbix  3Ha.HeHHH  nponcxoAHT  nepeicjnoHeHHe  Ha  Apyrne  nporpaM¬ 
Mbi. 

ripn  nporpaMMHOM  npeACTaBACHHH  neaeii  h  3aAan  CHCTeMbi  AeaTejibHOCTH,  b  3a- 
Aany  onepaTopoB  bxoaht  KOmpoAib  HcnoAHeHHa  nporpaMM  h  orpaHHneHHH,  BbiAana 
KOMaHA  npH  hx  HeHcnoAHeHHH  b  aBTOMaTHHecKOM  peacHMe  hah  nepeicAiOHeHHe  Ha  Apy- 
rne  nporpaMMbi  npn  BbixOAe  3a  3aAaHHbie  orpaHHHeHiia 

PaCCMOTpHM  HeKOTOpbie  npHMepbl. 

ABTOMOGHAb  H  aBTOMOGlIAHCT. 

ABTOMOOHAb  xBnaercn  cpeACTBOM  nepeABHncemia  hah  TpaHcnopTHpOBaHHa  rpy3a. 
BoAHTenb  pemaeT  TpaHcnopTiiyio  saAany,  coGAioAaa  npaBHAa  AOpoxcnoro  abh>kchha  h 
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o6ecneHHBaa  Mepw  6e3onacHOCTH.  EMy  neo6xoAHMa  Ta  HH(J)opMapna,  KOTOpaa  no3BO- 
jiHjia  6bi  npH6biTb  H3  tohkh  A  b  TOXKy  E  b  aapariHoe  BpeMa  h  npn  3a^aHHbix  orpaHHxe- 
HHHX.  TaKHM  o6pa30M,  ffJIH  AOCTHXCeHHH  3aflaHHOH  peiTH  HeoSxOflHMbI  ffaHHbie  O  BpeMe- 
hh,  Mapuipyre  nepeABHacemia  c  yxeroM  orpaHHxeHHH  Ha  (o a hocto poHiiee 

ABHxceHHe,  orpaHHHeHHH  no  Macce  n  cxopocrn  n  Ap)  h  HH^opManna  06  orpaHHxeHHax 
Ha  SKCnjiyaiannK)  aBTOMo6nAa  (ocTaTO'nibin  3anac  ropioxero,  xeMnepaTypa  ABHraTejia, 
AaBjieHHe  Macjia  h  ap  )-  Hcxoaa  H3  H3AoaceHHoro,  onTHMaAbHbiM  6mao  6h  npeACTaBJie- 
Hne  xapTbi  c  onTHMaAbHbiM  MapuipyroM  abhacchha,  Ha  kotopom  yKa3aHbi  Bee  orpaHHxe- 
HHH  Ha  ABHXCeHHe. 

B  KanecTBe  AonoAHHTeAbHOH  uah  aBTOMoSnAHcra  BawHa  HH^opMapna  o  HaAMHH 

3aTopoB  Ha  nym  CAeAOBaHHa  h  noACxajKa  bo3Moachbix  nyreH  o6be3Aa  3aTOpoB.  Ory 
4)yHKu;Hio  yace  xacTHHHO  peuiaeT,  nanpiiMep,  M-pauno  b  Mockbc,  Koxopoe,  tbkhm  06- 
pa30M  HBjiaercH  aueMeHTOM  cncTeMbi  iioaacp>kkh  aBTOMoSnAHCTO b .  Hccaoxcho  npeu- 
CTaBHTb  ce6e  AaubHeHiuee  pa3BHrae  HH<j)opMapHOHHOH  cncTeMbi  nOAAepacKH  aBTOMo6n- 
ahctob.  3to  cnyTHHKOBaa  HaBHrapHOHHaa  CHCTeMa,  HH^opMapHOHHaa  BbiHHCAHTeAbHaa 
ceTb  c  nepeAaneH  HH^opMapHH  o  coctoxhhh  Aopor  no  pasAHWMM  HanpaBAemraM,  H3- 
MeHeHHAM  Ha  Tpaccax  h  peKOMCHAapiiH  n  Apyrux  abhhhx  HenocpeACTBeHHO  Ha  KOMnb- 
lOTepbl  ABTOMOShAA. 

nPH  B03HHKH0BeHHH  HemxaTHbix  CHTyauHH  3aAaua  BOAHTeAH  MeHaexca  Hanpn- 
Mep,  TOHAMBO  Ha  ncxoAe.  TAaBHon  ueAbio  cxaHOBHTca  AOsanpaBKa.  Cacao b aTe  amio, 
BOAHTeAb  nepexAiOHaeTCH  Ha  HOByio  nporpaMMy  -  nporpaMMy  noncxa  aanpaBOXHOH 
CTaHAHH  H  3anpaBKH.  Bbi6op  sanpaBOXHOH  aoaxcch  ocymecTBAATbca  c  yxeTOM  ocTaBiue- 
roca  3anaca  TonAHBa,  paccToaHna  ao  sanpaBOUHOH,  ctohmocth  h  t  a- 

IlpH  B03HHKH0BCHHH  KpHTHieCKHX  CHTyapHH,  nOCAe  KOTOpbIX  3KCnAyaTaL[Hfl  aB- 
tomo6haa  cxaHOBHTCA  onacHOH  bhobb,  MenaeTca  nporpaMMa  achctbhh  boahtcjih.  Oh 
nepexoAHT  k  3aAaxe  oGcuyxoiBaHHa  aBTOMo6HAa.  PeuiaeT  oh  3Ty  3aAaxy  caM  hah  c  no- 
MombK)  cepBHCHOH  CAy>K6bi  npHHUHriHaAbHoro  3HaxeHHa  He  HMeer,  Tax  xax  b  o6ohx 
cuyxaax  hco6xoahmo  HaHTH  HencnpaBHOCXb  h  3aTeM  ee  ycTpaHHXb,  a  aah  3Toro  Heo6xo- 
AHMa  ho  Baa  nporpaMMa  -  nporpaMMa  noncxa  HencnpaBHOCTH  h  ee  ycTpaHCHna.  Ecah 
aah  ycTpaHeinia  neHcnpaBHOCTH  TpeSyiOTca  3anuacTH,  HenAOxo  6bi  HMerb  HH^opManmo 
O  HaAHHHH  3HTI  B  SAHACaflUieM  CepBHCHOM  neHTpe  HAH  Mara3HHe,  ee  ctohmocth.  TaKHM 
o6pa30M  H  3AeCb  MbI  npHXOAHM  K  Heo6xOAHMOCTH  C03AaHHH  eAHHOH  HHtjpopManHOHHOH 
ceTH,  eAHHOH  6a3bi  AaHHbix  aas  C03AaHiia  cncTeMbi  noAAepacKH  boahtcah. 


CaMOAeT 

3aAaxa  AeruiiKa  AoexaBHTb  naccaacnpoB  H3  nyHicra  A  b  nyHKT  E.  Oh  aoakch 
ynpaBAATb  nponeccoM:  bbccth  Heo6xoAHMbie  HaBHrapHOHHbie  AaHHbie,  bkaiohhtb  He- 
o6xoAHMbie  arperaTbi,  AunraTeAH,  BbipyAHTb  Ha  nouocy,  pa3oraaTb  caMOAeT,  B3Aerexb, 
BbiHTH  Ha  3aAaHHbiH  MapmpyT,  ocymecTBHTb  noueT  no  3aAaHHOMy  Mapuipyry  c  co6aio- 
AeHHeM  npaBHA  BO3AyuiH0ro  abhacchha,  bohth  b  30Hy  aspOApoMa,  ocymecTBHTb  nocaA- 
Ky  h  t.a-  npn  B03HHKH0BeHHH  onacHOH  cHTyauHH  ero  3aAaxa  cnacra  aio6oh  peHOH  nac- 
caxcHpoB  h  He  HaHecTH  HenonpaBHMoro  yipep6a  aioahm  Ha  3eMAe.  IlosTOMy  BaacHbiM 
xpeSoBaHHeM  k  COM  caMOAexa,  kuk  h  aBTOMoSiiAa  h  ak>6oh  Apyron  chctcmh,  hbaactca 
onoBemenne  3KHnaxca  o  HacTynAeHHH  kphthxcckhx  CHTyauHH  ^opMupoBaime  npo- 
rpaMM  Bbixopa  H3  3thx  CHTyauHH.  3to  h  ecTb  (JiyHKUHH  CIIO,  KOTopaa  npn  aukhom 
noAXQAe  abaactca  HeoxbeMAeMOH  xacTbio  xeAOBeKO-MauiHHHoro  HHxep4>enca  (MMH). 


lO.TamcHKO 


KoCMHHeCKHH  KOpaSjIb. 

C  tohkh  3peiraa  ynpaBnenna  ijeab  noneTa  -  AoexaBKa  aKHnaaca  Ha  cxaHU,nio  h  no 
OKOHnaHHH  pa6oT  -  B03BpaT  ero  Ha  3eMjno. 

IIojieT  icopaGaa  coctoht  H3  paaa  nocaeAO  BaxeabHbix  3TanoB.  B  saaany  KocMOHaB- 
tob  bxoaht  BBOfl  HanajibHbix  abhhmx  nna  Kaac,n,oro  H3  axanoB,  3anycx  cooxBexcxByio- 
mnx  nporpaMM  h  KOHTpoab  hx  ncnoaHenna,  ko HTpoat  pacxona  pecypcoB  jcopaGaa,  npn 
Heo6xoflHMOCTH  Komponb  h  ynpaBacHne  peacHMaMH  paGoxbi  GopxoBbix  cncxeM,  Beae- 
HHe  CBa3H  c  3eMaen  h  Ap. 

OcHOBbiBaacb  Ha  BbiraeyKa3aHHOM  noAxone  k  nocTpoeHHio  HMH,  COKE  KT  co- 
BMecTHO  c  PKK  "Snepran"  BnepBbre  b  MnpoBofi  npaMwce  npncTynHjiH  k  C03AaHHK)  oa- 
H03KpaHHbix  AnaaoroBbix  COH  Ana  MOAepHH3HpyeMoro  KopaGaa  C0103-TMA  h  pynHO- 
ro  KOHTypa  ynpaBAeHna  Gopxobbimh  CHCTeMaMH  poccHHCKoro  cerMeHTa  MKC. 

B  Hacroamee  BpeMa  onpeAeneHbi  xexHonoraa  pa3pa6oTKH  nn(j)opMamioHHoro 
oGecneneHHa  COH,  cxpyicxypa  h  cocxaB  raaBHoro  h  BcnoMoraxeabHbix  mchio,  ocHOBHbie 
(|)opMaxbi  oxo6pa>KeHHa3  oGocnoBaHa  nocxoaHHO  oxoGpaacaeMaa  nacxb  HH^opMaunn  h 

nP- 

npiniuiiiibi  h  MeTOAia  CTpyKTypiHOH  opraHH3auHH  CnH  Ha  naneasix  ny.n>iOB 

h  npHSopHbix  aocok. 

Oahhm  h3  HaynHbix  h  npaicrHHecKHx  AoexnaceHHH  KOCMOHaBXHKH  aBaaexca  peine- 
Hne  3aAann  cHHxe3a  KOMnaKXHbix  COH  Sonbiimx  chcxcm  (EC),  flo  KOCMOHaBXHKH  COH 
EC  C03naBaaHCb  Ha  ocuoBe  napaaaeabHbix  ctocoGob  npeAcxaBaeHHa  h  BBoaa  HH^opMa- 
Ahh.  COH,  nocxpoeHHbie  noaoSHbiM  o6pa30M,  HanpHMep,  Ha  GaoHHbix  mnxax  oGbcktob 
3HeprexHKH  3aHHMaiox  HecxoabKO  aecaxKOB  kbaap axHbix  MexpoB.  rpoM03AKOCxbio  ox- 
aHnaaHCb  COH  caMoaexoB. 

B  paMKax  KOCMHnecKHx  nnaoxupyeMbix  nporpaMM  Gbian  peineHbi  ocHOBHbie  npo- 
GaeMbi  CHHxe3a  KOMnaicxHbix  COH.  Ha  axon  ocHOBe  6bum  C03AaHbi  Bee  oxenecxBeHHbie 
CHCxeMbi  pynHoro  KOHxypa  ynpaBaeHa,  b  tom  nncae  KOMnaeicca  AaMa3,  cxahphh  Caaiox 
h  MHP,  BKC  EypaH.  OGlumh  bha  oGoGuichhoh  naHean  HHxerpnpoBaHHoro  nyabxa  COH 
npHBeAen  b  paae  pa6ox,  b  xom  nncae  b  paGoxe  1 

OcHOBbiBaacb  Ha  BbiiuenpeACxaBaeHHOH  KOHncnnnn  cnnxe3a  coBpeMeHHbix  kom- 
nbK>xepH3HpoBaHHbix  COH,  hamh  cobmccxho  c  HDFIL1,  aBxoMaxnKH  h  ripnGopocxpoenna 
HMeHH  aKaaeMHKa  H.  A.  nnaiorHHa,  OKE  ManmHoexpoeHHa  r.  HnacHnn  HoBropoa  Gbian 
npeAaoaceHbi  HHxerpHpoBaHHbie  COH  ACY  oSbcktob  SHeprernKH2.  ^(aa  npHMepa  Ha 
pnc.  1  noKa3aHa  COH  Ana  nexa  cnenBOAOonncxKH  oahoh  H3  aaeicrpocxaHnnH. 

B  90-x  roAax  cnHxesnpoBaHa  0AH03KpaHHaa  COH  Ana  MonepHH3HpyeMoro  ko- 
pa6aa  C0103-TMA  3xo  ripinmnnuaabHO  hobbih  pe3yabxax.  Ero  AoexnaceHHe  cxaao 
B03MoacHbiM  GaaroAapa  nocneAHHM  AoexnaceHHaM  aproHOMHKH,  aaeKxpoHHKH,  KOMnbio- 
xepHon  rpa4)HKH  h  HOBOMy  noaxOAy  k  opraHH3anHH  nenoBeKO-ManiHHHoro  HHxep<|)eHca. 
BHeApeHHe  noayneHHbix  pe3yabxaxoB  b  apyrnx  oxpacnax  npoMbimaeHHOCXH  Moncex 
npHBecxH  k  GoabinoH  skohomhh  xexHHnecimx  h  nporpaMMHbix  cpeACXB  h  cnoco6cxBO- 
Baxb  cymecxBeHHOMy  noBbimeHHio  s^^ckxhbhocxh  paGoxoB  onepaxopoB  h  b  neaoM 
6e3onacHOCxn  Gonbinnx  chcxcm  AeaxeabHOCxn. 


KD.TaiiMCHKo 


Pm  c . 


BblBOAbl 

1.  KocMOHaBTHKa  cnoco6cTBOBaaa  HHTeHCH(|)HKau;HH  pa6oT  no  co3aannio 
cpencTB  o6ecneneHra  AexTenbHocTH  HejiOBeica  b  Sojibinnx  CHCTCMax,  perne- 
hhk)  3aaann  cnHTe3a  HHTerpnpoBaHHbix  COH,  pa3pa6oTKe  npnHpnnoB  no- 
crpoeHM  KOMnbT&pHSHpOBaHHbix  HHTejuieKTyajibHbix  COH  AoajioroBoro  th- 
na. 

2.  JJna  mnpoKoro  Hcnonb30BaHna  b  npoMbinuienHOCTH  n  3HepreTHice  Moryr  6biTb 
peKOMeHAOBaHbi  OTpa6oTaHHbie  b  paMicax  kocmhhcckhx  nporpaMM: 

•  opraHH3annoHHbie  npHHunnbi  coaaainw  COH  6ojibiiiHX  chctcm, 

•  npnmjnnbi  nocTpoenna  h  ht e Jine icry an bH bix  AHajioroBbix,  b  tom  nncjie  oa- 
H03KpaHHbIX  COH, 

•  TexHHnecKne  h  nporpaMMHbie  cpeACTBa  coBMeiAemra  TB  n  AncnaenHon 
HH(|)opMaAHH  h  npeACTaBjienHa  ee  na  VGA-Momrropax, 

•  cpeACTBa  npeo6pa30BaHna  AHtjjpoBon  AHcnaenHon  HH^opMaAnn  h  oto- 
6paxceHHa  ee  ha  TB-MOHirropax. 

3.  npHMeHeHne  Ha3eMHbix  KOMnbiOTepHbix  h  HH^opMaqHOHHbix  aexHOAOrnn  b 
COH  npoMbinmeHHbix  n  pa3AHHHoro  poAa  noABHxcHbix  o6beKTOB  6yAeT  cno- 
co6cTBOBaTb  cyiAecTBeHHOMy  yMeHbineHHio  3aTpaT  Ha  hx  co3AaHne  h  noBbi- 
UieHHK)  3(J)(j)eKTHBHOCTH  paSOTCB  OnepATOpOB  H  B  HCAOM  6e30naCH0CTH  6oJIb- 
UIHX  CHCTeM  ACATejIbHOCTH. 


1  TO.  A.  TameHKO  IIoAxoAbi  k  CHHTe3y  chctcm  OTOOpaxceiiMn  HucjjopMAHHH  3Hep- 
ro6jiOKa/  ripnKjiaAHax  aproHOMHKa.  CnenHajibHbiH  Bbinycx:  OpronoMHKa  b  3Hep- 
reTHKe//M.:  AccoiHiaima  npnicjianHofi  aproHOMHKH.  Bbin.3,  1993 

2  TO.  A.  TanneHKO  Generic  Information  Display  System  for  the  Center  of  the  Nu¬ 
clear  Power  Station  Unit  Operator  Systems  in  Nuclear  Power  Plants  /Proceedings 
of  the  Special  Meeting  held  in  Moscow,  Russion  Federation,  17-21  May  1993. 
IAEA.  Pp.  165- 176//  International  Atomic  Energy  Agency.  IAEA-TECDOC-726 
ISSN  1011-4289.  IAEA,  Vienna  1994/ 
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Astronautics  is  one  of  the  advanced  branches  of  science  and  technique.  Financing  this 
branch,  investor  beginning  with  some  stage,  has  a  right  to  demand  of  returning  the  means, 
that  have  been  put  by  him,  in  tne  form  of  space  activity  results  or  technologies,  which  could 

be  used  in  the  otj  er  branches  of  industry  (OBI). 

One  oi^the  components  of  manned  space  object  (MSO)  is  the  information  display 
system  (IDS)  -  the  system  providing  the  cosmonaut  activities.  This  paper  presents  and 
considers  some  possible  directions  of  using  the  results  of  works  in  IDS  for  OBI. 

IDS  is  a  specific  component  of  MSO.  It  is  a  man-machine  interface  (MMI), 
consisting  of  two  interfaces:  hardware  interface  (HI)  and  ergonomic  interface  (El). 

El  is  provided  by  the  display  means  (DM),  control  means  (CM),  their  location  on 

the  console  panel  and  by  the  dialogue  system  (DS). 

HI  is  provided  by  the  matching  units  of  DM  and  CM  with  the  control  object  and 

the  console  structure. 

Accordinly,  several  directions  are  possible  to  search  for  the  objects  in  OBI  to  use 
the  results  of  works.  These  are:  (a)  organizing  -  technical  methods  (OTM)  of  development 
and  production  of  the  hardware  and  software  components  for  the  given  class  systems,  (b) 
HI  means,  (c)  El  means,  (d)  principles  and  methods  of  DS  El  design,  (e)  principles  and 
methods  of  scheme  organization  of  DM  on  the  console  panels. 

MMI  exists  in  any  technical  system  (TS).  It  makes  the  favourable  pre-conditions 
for  decision  of  the  problem,  connected  wi  th  returning  means,  that  have  been  spent. 

The  paper  describes  the  work  results  analisis  in  the  field  of  IDS  for  MSO  and 
demonstrates,  that  in  all  directions,  except  indicated  in  point  (b),  we  have  advances  at  the 
world  level,  and  by  point  (c)  -  above  the  world  level.  It  presents  examples  of  using  IDS 
MSO  advances  in  power  engineering.  It  is  noticed,  that  one  can  get  the  largest  effect  by 
using  the  complex  approach  to  MMI  design,  that  is  founded  on  the  principles  of  time- 
program  displaying  of  information. 

The  work  results,  got  in  the  interests  of  power  engineering,  confirmed  that 
chosen  methods  were  universal  and  allowed  to  move  to  the  development  of  the  fifth 
generation  systems  for  MSO. 


Jury  Tiapchenko 
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Cocxoamie  paKeTHO-KOCMHHecicoH  oTpacjra  (PKO)  oxpaacaex  cymecxByiomee 
nojioaceHHe  b  pocchhckoh  okohomhks.  Onpeflejiaa  MHHHMajibHbifi  ypoBeHb  rocyaap- 
CTBeHHofi  noaaepxKH,  npaBHxejibcxBO  P<&  peKOMetmoBajio  PKA  nrape  npuBjieKaxb 
BHe6ioB>KeTHbie  cpeflcxBa  orenecxBenHbix  h  3apy6eacHbix  HHBecTopoB.  Bojibinyio  no- 
Momb  b  pememm  3toh  samara  Moaeex  OKa3aTb  npe^ocTaBjieHHe  kocmhhcckhx  ycjiyr  b 
o6jiacTH  MajiOMaccoraSapuTHbix  KOCMmecKHX  aimaparoB  (MKA)  ^33,  CBH3H  h  Hay- 

KH. 

PoccHHCKaa  KocMEraecKaa  OTpacnb  Moacex  co3flaBaxb  ko meypeHToeno coSHbie 
MKA  caMO cToaTejibHo  hjih  B3axb  Ha  ce6a  roaoBHyio  pojib  b  hx  co3^aHHH,  nocKOJibKy 
eme  He  Hcnepnan  HaynHO-xexmnecKHH  3anen,  coxpaHaiOTca  coBpeMeHHaa  axcnepH- 
MeHTajibHo-npoH3BOACTBeHHaji  6a3a  h  BbicoKOKBajiH^HqHpoBainibxe  icaapbi.  IlepcneK- 
THBeH  BapHaHT  npHBJieneHHH  3apy6e:acHbix  HHBecTopoB,  nefi  HHTepec  o6bacHaexca, 
npe>Kfle  Bcero,  HH3KOH  CTOHMOCTbK)  C03flaHHH  poCCHHCKHX  MKA  H  B03M0HCH0CTBI0 
nonyaeHHH  bbicokoh  npH6biJiH  Ha  BjioaceHHbiS  KarmTaji.  TaKHM  o6pa30M,  napxHepcx- 
BO  B03M03KH0  npH  B3aHMOBbirOflHBIX  06x3axeJIbCXBaX  H  rapaHTHHX  CTOpOH.  IIpH 
3TOM  BeCbMa  CJIOaCHbIM  H  Tpy^OeMKHM  HBJIHeXCH  BOnpOC  flOCTOBepHOH  OaeHKH  no- 
TpeSHblX  HHBeCTHHHH  IIO  C03flaHHK3  MKA. 

IlpeflCTaBjieHa  nocraiiOBKa  3aflann  no  xexHHKO-SKOHOMHHecKOMy  HCCJienoBa- 
HHK)  HHBeCTHHHOHHblX  npoeKTOB  no  C03^aHHK)  H  HCn0JIb30BaHHK>  MKA  flJIH  peme¬ 
HHH  rjio6ajibHbix  comiajn>HO-3KOHOMHHecKHx  3anan.  .  Onemca  xexHHKO- 
3KOHOMHnecKHX  noKa3axejiefi  MKA  c  npHMeHeHneM  KpHxepHH  skohomkhcckoh  3<|»- 
4)eKTHBHOCTH  npoexxa  no3BOJiHT  o6ocHOBaTb  Bbi6op  HHBecTHHHOHHoro  npoeiera  c 
COBpeMeHHbIX  n03HHHH  flOXOflHOCXH  H  TipnGblJIbHOCTH,  paiJHOHajIbHyiO  KOOnepaHHfO 
h  pacnpeaejieHHe  noxpeSHbix  hhbccthijhh  cpean  3aHHTepecoBaHHbix  noxpe6HxeneH. 

PemeHHe  3a«aHH  ocHOBaHO  Ha  chctcmhom  aHajiH3e  acraHeimoro  nHKjia  C03«a- 
hhh  npoexxa,  BKjnonaa  npoise^eHne  axcnepuMeHTa  b  xeaeroie  nporpaMMHoro  nepno- 
/ja.  3aaana  (JiopMajiraoBaHa  b  Bime  nexbipex  Sjiokob,  3aMKHyTbix  o6paxHOH  CBH3bio. 

OcHOBy  nepBoro  Snoxa  cocTaBJiaroT  xapaicxepHCXHKH  h  npnopHxexbi  nocxaB- 
jieHHbix  nejieBbrx  3  as  an,  xpe6oBamiH  noxpeSnxeireH  k  TepMHHajiaM  h  conpaaceHHHM  c 
BHemHHMH  ycTpoHCTBaMH,  ajibxepHaTHBHbie  BapnaHXbi  cymecxByioiUHX  h  pa3pa6axw- 
BaeMbix  MKA  b  PO  h  3apy6e>KOM.  Bo  BXopoM  Sjioxe  npoH3BO#Hxca  4>opMHpoBamie 
npeflBapnxejibHoro  o6jiHKa  MKA  h  chcxcmh,  npefljiaraexca  opHeHXHpoBOHHbm  co- 
cxaB  MexcnyHaponHOH  Kooriepainoi  no  pa3pa6oxxe  (nopaSoxxe)  MKA,  npennoaxH- 
xejibHbie  cpencxBa  BbiBeneHna,  o6jihk  HHffipacTpyKTypbi.  B  xpexbeM  6jiokc  npoH3BO- 
AHXCH  Bbl6op  KpnxepHH  3KOHOMHHeCKOH  ScJx^eKTHBHOCXH  OX  XeXHHHeCKOrO  ypOBHH 
npoeKxa  h  ero  <})opMajrH3anHH. 

06paxHan  CBH3L  c  xpexbero  Ha  nepBbin  6jiok  flenaex  3anany  peicypcHBHOH  h  no- 
3BOJiHex  BbiSpaxb  onxHMajibHbrii  c  xohkh  3peHHH  m h hhmh3 auHH  3axpax  npoexx,  ynoB- 
jieTBopaiomHH  3aHHxepecoBaHHbix  HKBecxopoB  c  ynexoM  xexHHnecKoro  h  tJxHHaHCO- 
Boro  pHCKOB. 

B  nexBepxoM  SnoKe  Ha  <j)OHe  aHajiH3a  MHpoBoro  pbimca  no  peajiroaijHH  pe3yjn>- 
xaxoB  3KcnepHMeHxa  npHHHMaioxcH  0K0Hnaxejn>Hbie  pemenna  no  Meag^yHapo^Hofi 
KoonepanHH,  (JjHHaHCHpoBaHHio  npoeiera  h  pacnpenejieHHio  HHBecxHipiH. 
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The  condition  of  space-rocket  industry  (SRI)  reflects  an  existing  situation  in 
Russian  economy.  In  defining  a  minimum  level  of  state  support,  Russian  government 
recommended  Russian  Space  Agency  (RSA)  to  involve  wider  an  assets  of  the  domestic  and 
foreign  investors  beyond  Federal  Budget.  The  large  help  ih  the  decision  of  this  problem  can 
render  granting  of  space  services  in  area  of  small  spacecraft  (SS)  for  remote  sensing, 
communication,  and  science. 

The  Russian  space  industry  can  create  competitive  SS  independently  or  to  play  a 
head  role  in  their  creation,  as  the  stock  of  completed  technological  research  on  hand, 
modem  experimental  -  industrial  base  and  highly  skilled  staff  are  not  yet  exhausted.  Variant 
of  attraction  of  the  foreign  investors,  whose  interest  is  explained,  first  of  all,  by  low  cost  of 
creation  Russian  SS  and  opportunity  of  the  high  profit  reception  on  the  enclosed  capital,  is 
promising.  Thus,  the  partnership  is  possible  at  the  mutually  advantageous  obligations  and 
guarantees  of  the  parties.  TIius  rather  complex  and  labour-consuming  is'the  question  of  an 
authentic  estimation  of  the  required  investments  on  the  SS  creation. 

Statement  of  a  problem,  on  technological  research  of  the  investment  projects  on 
creation  and  use  of  the  SS  for  decision  of  global  socioeconomic  problems  is  submitted. 
The  estimation  of  the  SS'  technological  parameters  with  application  of  criterion  of  an 
economic  efficiency  of  the  project  will  allow  to  prove  a  choice  of  the  investment  project 
from  modem  .positions  of  earning  power  and  profitability,  rational  cooperation  and 

distribution  of  the  required  investments  among  the  interested  consumers. 

The  decision  of  the  problem  is  based  on  the  system  analysis  of  project  creation  life 
cycle,  including  realization  of  experiment  during  program  period.  The  problem  is 

formalized  as  four  blocks,  closed  by  a  feedback. 

The  basis  of  the  first  block  is  made  with  the  characteristics  and  priorities  of  put 
target  problems,  consumers'  requirements  to  the  terminals  and  interfaces  with  external 
devices,  alternate  variants  of  existing  and  developed  Russian  and  foreign  SS.  In  the  second 
block  formation  of  preliminary  shape  SS  and  system  is  made,  rough  structure  of 
international  cooperation  on  SS  development  (completion),  preferable  means  of  launch, 
shape  of  an  infrastructure  is  offered.  In  the  third  block  a  choice  of  criterion  of  an  economic 
efficiency  from  a  technological  level  of  the  project  and  its  formalization  is  made, 

The  feedback  from  the  third  to  the  first  block  makes  the  problem  reccurent  and 
allows  to  choose  optimum  project  from  the  point  of  view  of  minimization  of  expenses, 
satisfying  the  interested  investors  with  technical  and  financial  risks  taking  into  account. 

In  the  fourth  block  on  a  background  of  the  global  market  analysis  of  the  experiment 
realization  results  the  final  decisions  in  international  cooperation,  financing  of  the  project 
and  distribution  of  the  investments  are  accepted. 
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B  CTaTbe  npepcxaBJieHbi  ocHOBHBie  oOmccncxeMHbie  npeHMyipecxBa 
H  KOMMepqeCKH  3HaHHMLie  flOCXOHHCXBa  KOCMHBeCKMX  CHCXCM,  HCnOPb3yiO- 
ipnx  Majibie  KocMHHecKHe  annapaxw. 

PaccMoxpeHbi  ocHOBHbie  oOjiacxn  hx  npHMeHeHHa:  cBH3b,  pHcxanpHOH- 
Hoe  30HflHp0BaHHe  3eMJiH,  nayqiibie  HccjiepoBaHHJi  h  oxpaOoxKa  xexHOJio- 
niH. 

OxMeqeHa  xeiipermna  npeHMymecxBeHHoro  Hcnopb30BaHHfl  Majibix  KA 
B  COCXaBe  MHOrOOJieMeHTHbIX  HH3K00p6nxajIbHbIX  CHCXeM  MOSHJIbHOH  CBH3H 
h  niHpoKonojiocHOH  nepepann  paHHbix,  a  xaioxe  paHbi  opeHKH  KOjraaecxBa 
nojib30BaxejieH  0Ka3biBaeMbix  hmh  ycjiyr. 

CpejiaH  BbiBOfl  o  KOMMepqecKOH  nepcneKXHBHOcxM  HHOKP  h  npoH3- 
BOflCXBa  KOHKypeHXOCnOCOGHbIX  Ha  MHpOBOM  KOCMMHeCKOM  pbIHKe  MaJIbIX 

KA. 


06m,enpH3HaHHoro  onpepejieHun  noHnxnn  "Majibin  KA  hjih  Maxbm 
cnyxHHK”  He  cymecxByeT.  OGbihho  cwraexca,  nxo  Majibin  KA  HMex  Maccy 
He  6ojiee  1000  kt.  KocMnnecKne  annapaxbi  Maccon  MeHee  100  Kr  3anacxyio 
Ha3biBaiox  "MHKpocnyxHHKaMH",  a  MeHee  10  Kr  -  "HaHocnyxHHKaMH".  B 
YHHBepcHxexe  rpacjjcxBa  Cyppeft  (BejiHKoSpnxaHHH)  -  ophom  H3  mhpobbix 
jmpepoB  b  paHHoft  oOjiacxH  -  "MajibiMH"  npHHaxo  cwraxb  KA  Maccow  ox 
500  Kr  po  1000  kt,  a  annapaxbi  BecoM  ox  100  kt  p o  500  Kr  Ha3biBaiox"MHHH- 
cnyxHHKaMH ' ' .  B  EBponencKOM  arenxcxBe  npMHnxa  cjiepyioman  KjiaccH(J)H- 
KapHa:  350-700  Kr  -  "Majibre",  80-350  Kr  -  "mhhh"  -  h  50-80  Kr  -"MHKpo- 
cnyxHHKH". 

CxoHMocxb  pa3pa6oxKH  h  npoH3BoacxBa  xHnoBoro  MHHHcnyxHHKa  coc- 
xaBJiaex  $  5-20  mjih.,  MHKpocnyxHHKa  -  $  2-5  mjih.,  a  HaHocnyxHHKa  -  b 
npepejiax  $  1  mjih.  Huace  nop  "MajibiM  cnyxHHKOM"  noppa3yMeEaexcn  KA 
Maccon  MeHee  1000  kt. 

Majibie  KA  pacnpepejunoxca  no  Ha3HaneHHio  (  b  cpepHeM  no  coBOKyn- 
hocxm  HMeioinnxca  paiiHbix  Ha  npomo3HpyeMbiH  nepnop  po  2015  r.)  cjiepy- 
ioihhm  o6pa30M: 


B.EoObiJieB  h  pp. 


CnymMKOBafl  CBH3B  52% 

Ha6jnoneHHe  3cmjih  32% 

HaynHBie  nporpaMMbi  16%. 

KocMHHecKHM  CHCTeMaM  Ha  ocHOBe  MKA  npHcymn  ocHOBHbie  npen- 
MymecTBa  kocmhhcckhx  cucTeM,  b  tom  HMCJie: 

-  HCKJiioqeHHe  noMex,  CBPnaHHbix  c  HcxaxeHHHMH  b  aTMOccjpepe  (koc- 
MH^ecKaa  HayKa); 

-  rjioSajibHocTb  oxBaTa  (hjih  o63opa)  3cmhoh  noBepxHocra; 

-  BbicoKaa  nepHOAHHHocTb  HaSjnoneHHH  (cbcmkh)  6ojibiHMX  paftoHOB 
3cmjih  (cHCTeMbi  ^33); 

-  Bbicoxan  on epaTHBHoeTb  (nenpepbiBHocTb)  nepenann  naHHbix  h  H3o6- 
paxceHHH  (oSecneneHHe  CBH3H  aSoHeHTOB); 

-  He3aBHCHMOCTb  OT  IIOrO^HblX  yCJIOBHH  H  IipHpOflHblX  KaTaKJIH3MOB; 

-  He3aBHCHMOCTb  OT  nOJIHTHHeCKOH  06cTaH0BKH  B  KOHKpeTHOM  paHOHe 
3eMJiH; 

-  B03M0XCH0CTB  ^JIHTeJIbHOTO  o6ecneneHHfl  yCJIOBHH  BaKyyMHpOBaHHH  H 
MHKporpaBHTapHH  (oKcnepHMeHTbi  b  KocMoce); 

-  HH3Kaa  CTOHMOCTb  CbeMKH  e.TMHHHbl  rniomann  nOBepXHOCTH 
(cHCTeMbi  /I,33)  h  np. 

Hapnny  c  nepenHCJieHHMMH  Bbirne  o6ihhmh  npeHMymecTBaMH,  kocmk- 
qecKwe  CHCTeMbi  Ha  6a3e  MKA  oSnanaiOT  kommcptcckh  3HanHMbiMH  nocTo- 
HHCTBaMH,  TaKHMH  KaK: 

•  HM3Kaa  CTOHMOCTb  pa3pa6oTKH  H  C03B.aHHH. 

•  CpaBHHTejIbHO  KOpOTKHe  CpOKH  pa3pa60TKH  H  H3rOTOBJieHHH. 

•  Bo3MOJKHOCTb  MCJIKOCepHMHOTO  npOH3BOnCTBa  (flJIH  CJiynaH  KOCMH- 
qecKHX  cHCTeM  c  SojibuiHM  KOJiH^ecTBOM  MKA  Ha  op6HTe). 

•  Bo3MO>KHOCTb  HCn0JIb30BaHHH  Mo6HJIbHbIX  CTapTOBbIX  KOMnjieKCOB 
fljia  3anycxa  MKA. 

•  BbicoKaa  onepaTHBHocTb  pa3BepTbiBarora  rpynnnpoBOK  MKA  3a  chct 
HCnOJIb30BaHHH  IHHpOKOH  HOMeHKJiaTypbl  Cpe/ICTB  BblBC^eHHH  (  OT  aBHa- 
PHOHHo-KOCMHnecKHX  no  PH  THXcejioro  Knacca), 

•  Bo3MO)KHocTb  onepaTHBHoro  pearHpoBaHHH  Ha  TeKymne  Tpe6oBaHHH 
nojib30BaTejia  (hjih  3aKa3HHKa  npoeicra). 

•  Bbicoxan  roTOBHocTb  k  MonepHH3an;HH  npoeicra  b  penoM  hjih  ero 
cocTaBJiaiomHX  non  cneiiH(|)HHecKHe  aananM  H3-3a  H3MeHeHH«  oSbeKTHBHbix 
oSCTOHTejIbCTB. 

•  EbicTpoe  BHenpeHHe  b  npoeKTbi  nepenoBbix  TexHOJioraH. 

•  34>4>eKTHBHan  onTHMH3aiiHH  op6HTajibHbix  napaMeTpoB  MKA  non 
KOHKpeTHyio  3anany. 

•  Bo3MOXCHOCTb  KO ITIie HT p aij H H  yCHJIHH  nJHI  BbinOJIHCIIHH  OnHOH  HJIH 
HecKOJibKHX  3anan  (4>yHKnHH). 

•  OTcyrcTBHe  pHCKa  oTpHnaTejibHoro  B03aHM0BJiHHHHK  nejieBOH  anna- 
paTypbi  (H3-3a  orpaHHneHHOH,  Kax  npaBHJio,  HOMeHKJiaTypbl  nejieBOH  anna- 
paTypbi). 

•  HeBbicoKHH  pHCK  peajiH3aij;HH  npoeicra. 


B.Bo6bineB  h  np- 


•  B03MO)KHOCTb  K  OTHOCHTCJILHaH  JierKOCTb  flJIH  IIOBTOpeHHH,pa3BHTMH 
hjih  npofloaxceiinn  npoeKTa  b  6yayineM. 

•  Y^o6ctbo,  Manbie  rabapnxbi  h  oTHocHTeabHaa  a;emeBH3Ha  Ha3eMHOH 
TepMHHajibHOH  (nojib30BaTejibCKOH)  annapaTypbi. 

riepeHHCJieHHbie  npeHMymecTBa  KocMHaecKHX  chctcm  c  ncnojib30Ba- 
HHeM  MKA  no3BojiHK>T  peanH30BbmaTb  BbicoKOTexHoaorHHHbie,  Henoporne, 
6bicTpoBbinojiHHMbie  h  JierKOMOflepHH3HpyeMbie  npoeKTbi  KocMHaecKHX 
cHcieM,  MaKCHMajibHo  yqHTbiBaiomne  TpeboBaHHa  noTeHipiaabHbix  noTpe- 
6HTeJieH  (3aKa3qHKOB).  HK3KHe  CTOHMOCTb  H  pHCK  peaJIH3apHH  flaHHbIX 
npoeKTOB  aeaaioT  hx  BecbMa  npiiBJieKaTejibHbiMM  aaa  3aKa3HHKOB  H3  pa3BH- 
BaionjHXca  cTpaH. 

^aHHbie  o6cTOHTejibciBa  no3BoaaiOT  c^ejiaTb  bliboh  o  bbicokoh  KOHKy- 
pcHTOcnoco6nocTH  h  iiiHpoKHX  nepcneKTHBax  Hcnojib30BaHHa  KOMMepqec- 
khx  cHCTeM  c  MKA  Ha  pa3aHHHbix  cemeHTax  MHpoBoro  KocMHaecKoro 
pbiHKa. 

A.  TejieKOMMyiiHKanHM 

Oco6oe  MecTO  no  cBoeii  noTeHHHaabHOH  sKOHOMHaecKOH  owne  b 
3tom  paay  3aHHMaioT  npoeKTbi  raobaabHbix  HH3Koop6HTaabHbix  cnymHKo- 
BblX  CHCTeM  Mo6HJIbHOH  CBH3H  Ha  6a3e  MajIbIX  KA.  JlHHepCTBO  cpe^H  noflo- 
Gubix  CHCTeM  npHHa^JiexcHT  npoeKTy  "HpHflHyM",  KOTopbra  peaaH3yeTca 
KOHCOppHyMOM,  B03TJiaBJIHeMbIM  aMepHKaHCKOH  KOMnaHHeH  "MoTOpOJia". 
B  paMKax  3Toro  npoeKTa  b  nepnoa  c  1997-:- 1998  rr.  Ha  op6HTbi  bhcotoh 
~765  km  6buio  Bbme^eHO  72  cnymHKa  MaccoH  ~700  kt,  cpoK  cayacbbi  koto- 
pbix  cocTaBHT  #0  5  jieT.  B  cocTaB  KOHcoppnyMa  BxoaaT  napraepbi  H3 
Pochhh,  Krrraa,  flnoHHH,  Kai-iapbi  h  paaa  apyrax  CTpaH.  Ctohmoctb  ocy- 
mecTBJieHHa  npoeKTa  opeHHBaeTca  He  MeHee,  aeM  b  3.4  Mapa.aoaa.  C1IIA. 

CpeHH  ZipyrHX  M06H.TbHbIX  CnyTHHKOBbIX  CHCTeM  CBH3H  (MCCC)  Ha 
6a3e  MKA,  pa3BepTbiBaHHe  KOTOpbix  yxce  Haqajiocb  hjih  bojdkho  HaaaTbca 
b  6aBDKaHHieH  nepcneKTHBe  caeayex  oTMeTHTb  MCCC  "Orbcomm"  (roaoB- 
hoh  pa3pa6oTHHK  (JrapMa  Orbital  Sciences,  CIUA)  -  36-: -48  cnyTHHKOB  Ha 
opbHTe  (Haaajio  SKcnayaTapHH  -  1998  roay)  h  CHCTeMy  "Globalstar"  (roaoB- 
hoh  pa3pa6oTHHK  (JiHpMa  Loral/Qualcomm)  -  56  cnymHKOB  Ha  hh3koh 
opbHTe  (Hanaro  SKcnayaTapHH  ~  1998  r.). 

H3  nepcneKTHBHbix  npoeKTOB  mojkho  otmcthtb  npeaaoacei-me  (jrapMbi 
"TeaeneHCHK"  o  co3aaHHM  oaHOHMeHHOH  MCCC,  BKaionaiomeH  288  chob- 
hwx  h  36  pe3epBHbix  MKA  (bbop  b  SKcnnyaTainno  ~2002  r.). 

PeaaH3aima  noaobHbix  npoeKTOB  MobnabHOH  raobaabHOH  cnyTHHKO- 
boh  CBH3H  npoH3Beaex  peBoaionHio  b  obaacTH  mhpobbix  TeaeKOMMyHHKa- 
PHh:  TeaecjjoHHOH,  c|?aKCHMHabHOH,  ncnaaoTHroBon,  BHaeocBa3H,  nepeaanH 
aaHHbIX  H  T.«.,  HTO  n03B0aHT  IHHpOKO  npHMCHHTb  nepCneKTHBHbie  KOMnb- 
lOTepHbie  TexHoaoraH,  coaaaBaxL  raobaabHbie  HHcJjopMapHOHHbie  cera  b 
aiobbix  oTpacaax  6H3Heca  h  kommcpphh  c  HeorpaHHaemibiMH  bo3mo>khoc- 
thmh. 

nporao3Haa  opemca  KoainiecTBa  noab30BaTeaeH  HH3Koop6HTaabHbix 


B.BobbiaeB  h  ap. 


cnyTHHKOBBix  cHCTeM  CBJI3H  (C-CC)  Ha  6a3e  MKA  ao  2001-2003  ro^a  no 
HeKOTOpBiM  o6jiacT«M  pLiHKa  npeACTaBjieHa  b  TaOjinpe  1. 

B  Ta6jmn,e  2  npeACTaBJieHBi  MaiepnajiBi,  noAroTOBJieHHBie  aMepHKan- 
ckoh  KOHcajiTHHroBOH  (Jjhpmoh  C.A.  Ingley  &  Co.,  no  opemce  npomo3a 
(  ao  2009  r.  )  KOJimiecTBa  noAnncHHKOB  (aSoneHTOB)  Jim  paaa  cb«3Hbix 
cnyTHHKOBBix  CHCTeM,  b  t.h.  Iridium  h  Globalstar  na  6a3e  MKA. 

AHajIH3  TaOjTHHHBIX  ABHHBIX  nOKa3BIBaeT,  HTO  oSmeMHpOBOe  KOJIHneCT- 
Be  aSoHeHTOB  yKa3aHHBix  moShjibhbix  CCC,  HannHan  c  ~400  tbic.  a6oHeH- 
tob  b  1999  roAy  MoxceT  yBe/nniHTBcn  nonra  Ha  ABa  nopanKa  k  2000-  2010 
TOAaM  H  COCTaBHT  ~30  MJIH.  a60HCHTOB.  IIpH  3TOM  npopeHTHaH  AOJIH  CBH- 
3HBix  CHCTeM  Ha  6a3e  MKA  cocTaBHT  ~90%  b  1999  roAy  (  H3-3a  paHHero 
pa3BepTBIBaHHB  ABHHBIX  CHCTeM  no  OTHOIUeHHK)  K  ApyrHM)  ~50%  B  2000- 
2001  h  AaJiee  ao  2009  roAa  nporao3HpyeTCA  Ha  ypoBHe  40-41%. 

E.  Ha6jiK>AeHHe  3eMjra  (AHCTaHmiomioe  30HAHpoBaHHe). 

HeAoporae  MajiBie  cnyTHHKH  oTKpBiBaiOT  bo3Moxhoctb  co3AaHHn  mho- 
TOSJieMeHTHBIX  cnyTHHKOBBix  CHCTeM  Ha6jIIOA6HHH,  n03BOJiniOmHX  nOBBICH- 
tb  nepHOAHHHOCTB  HaOmoACHUH  c  10-20  cyTOK  ao  12  nacoB  npHMeHHTejiBHO 
k  JiioOoMy  panoHy  3eMHOH  noBepxHocTH. 

BaxHeHineH  ocodeniiocTBio  Taicnx  chctcm  HBJiaeTCH  nepeAana  AaHHBix 
HenocpeACTBeHHO  Ha  MHoronHCJieHHBie  HeSojiBrnne  Ha3eMHBie  npneMHBie 
CTaHHHH  6e3  HCn0JIB30BaHHB  HeHTpajIH30BaHHBIX  CpeACTB  o6pa6oTKH  AaH¬ 
HBix  h  pacnpeAeaeHHB  pe3yjiBTaTOB.  ITpeHMyniecTBaMH  b  abhhom  cjiynae 
BBJweTcn  nepeAana  pe3yjiBTaTOB  HadjiioAeiniH  npaKTHnecKM  b  peaiibHOM 
MacniTaOe  BpeMeHH,  MeHBnme  oSbcmbi  6a3  AaHHBix  h  npocTOTa  pacnpeAe- 
jieHHH  HH4)opMaAHH,  Aaxe  b  paHOHax,  TAe  HeT  xopomen  cba3H.  B  paac  cjiy- 
naeB  -  necHbie  hjih  CTenHbie  noxapbi,  SKOjiorHnecKHe  KaTacTpocJibi,  pbi6o- 
AOBCTBO  B  HITOpMOBBIX  yCJIOBHHX  -  MOHHTOpHHT  B  peaJIBHOM  BpeMeHH  H 
AeueHTpajiH3auHii  npocTO  hcoOxoahmbi.  CymecTByeT  Taioce  ucho  BBipaxeH- 
HaH  noTpeOHocTb  b  onepaTHBHOM  nporao3HpoBaHHH  3eMJieTpnceHHH,  3a- 
6jiaroBpeMeHHOM  oSHapyxeiiMH  TponHnecKHX  6ypB  h  npeACKa3aHHH  ByjiKa- 
HHHeCKOH  AeATeJIBHOCTH. 

Bo3Moxhoctb  peineHHB  sthx  3axaa  c  HcnojiB30BaiiHeM  cnyTHHKOBBix 
CHCTeM  Ha  6a3e  HeAoporax  MajiBix  KA  noAnepKHBaeT  hx  KOMMepnecxyio 
3HaHHMOCTB  npHMeHHTe.IIbHO  H  K  ABHHOMy  HanpaBJieHHK)  npHKJiaAHBIX  KOC- 
MHneCKHX  HCCJieAOBaHHH. 


B.EoSBUieB  h  AP- 


TaSjimja  1. 


06jiacTH  pbiHKa 
nojib30BaTejieH 

OSipee  KOJiH- 

necTBO  nojib- 

30BaTejreH 

yc.Jiyra\in  cbh3h 

^OJIH  (%), 
KOJIH’ieCTBO 

nojib30BaTe- 
Jieil  HH3KOOp- 
SwTajibHbix  CCC 

KoJIHHeCTBO 

nojib30BaTejieH 

ycjiyraMH  HH3- 
KOOpSHTaJIbHblX 

CCC  Ha  6a3e 
MKA,  Tbic. 

TpaHcnopT: 

-  rpy30BHKH 

1  800  000 

23 

414 

-  TpeHJiepbi  (6ojib- 
uierpy3Hbie  aBTono- 
e3fla) 

3  900  000 

23 

897 

-  MOpCKOH  TpaH¬ 
cnopT 

500  000 

8.6 

43 

-  HXTbl  H  MOpCKOH 
TypH3M 

20  000  000 

4.3 

860 

-  jierKOBbie  bbtomo- 
6HJiH/npoTHBoyroH- 
Hbie  CHCTeMbI 

160  000  000 

4.3 

6  880 

3jieKTpoHHaa  iio*iTa/ 
neiiA>KMHr 

20  000  000 

8.6 

1  720 

YnpaBjieHHe  hhcJjop- 

MaUHOHHblMH  HOTO- 

KaMii: 

-  pernoHajibHan 
^aTnnKOBaa  anna- 
paTypa 

505  000 

23 

116 

-  Henocpe^cTBeHHoe 
TejicBcniaHHe/ cncTe- 
Ma  KOHTpojia  Kpe- 

OTTOB 

15  000  000 

23 

3  450 

H  t  0  r  0 

222  585  000 

~6.5% 

14  380 

B.EoSbiJieB  h  ,ap. 


Ta6jiHna  2. 


EaHHHLILI  H3MepeHHH:  MHJUIHOHLI  aOOHCHTOB 


To  a 

Ofimee 

KOJI-BO 

a6oH. 

Inmarsat- P 

Iridium 

Globalstar 

flpyrwe 

CHCTeMbI 

1999 

0.4 

0.16 

0.16 

0.08 

2000 

1.2 

0.36 

0.28 

0.32 

0.24 

2001 

2.8 

0.85 

0.65 

0.74 

0.56 

2002 

4.8 

1.19 

0.92 

1.03 

1.3 

2003 

8.4 

2.08 

1.61 

1.81 

1.67 

2004 

14.0 

3.47 

2.68 

3.02 

2.79 

2005 

16.1 

3.99 

3.09 

3.47 

3.21 

2006 

18.5 

4.58 

3.55 

3.99 

3.70 

2007 

21.3 

5.27 

4.08 

4.59 

4.25 

2008 

24.2 

6.06 

4.69 

5.28 

4.89 

2009 

_ 

28.1 

6.97 

5.4 

6.07 

5.62 

B.  HaynHbie  HccjieAOBaHHfl. 

HayqHbie  uporpaMMH  o6biqHO  cfMHaHCMpyioTcq  H3  cpe/ici  b  HaHHOHa- 
jibHoro  6io,ipKeTa  b  qacTM  HayKH  hjih  ko c mm qe  ckm x  HccjienoBaHHH,  noaTOMy 
He  HBJiaioTca  o6beKTaMH  KOMMepqecKOH  fleqTejibHocTH  Ha  BHyrpeHHeM 
pbiHKe.  BMecTe  c  TeM,  Majibie  KA  HayqHoro  Ha3HaqeHHH  MoryT  3aKa3bmaTb- 
cq  npaBHTejibCTBaMH  HbiocTpaHHbix  rocya;apcTB,  hto  npeBpamaeT  hx  b  06- 
l>eKT  BHeUIHeSKOHOMHqeCKOH  KOMMepqecKOH  aeHTeJIbHOCTH. 

r.  ^CMOHCTpaHHOHHbie  HCnbtTaHHH. 

JJeMOHCTpaHHH  TexHOJioraH  HBJiqeTcq  ohhoh  m3  BaqcHbix  o6jiacTeH  npn- 
MeHeHHH  Majibix  KA,  KOTopbie  npeacTaBJWioT  co6oh  HeaoporocToamee 
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CpejICTBO  PJIfl  npHBeaeHHH  peMOHCTpapKOHHbIX,  KOHTpOJIbHbIX  H  OpeHOH- 
HfiTX  HCnblTailHM  HOBbIX  TeXHOJIOFMH  HJIM  yCJiyr  B  yCJIOBHHX  peajibHoro  KOC- 
MHHecKoro  nojieTa  npn  npneMJieMOM  ypoBHe  pMCKa.  IIopoSHbie  peMOHCTpa- 
ii,hh  o6hhho  npe^mecTBytoT  cjiojkhmm  poporocToamuM  HaiypHbiM  HcnbiTa- 
HKaM  b  nojiHOM  oObeMc.  B  KauecToe  npMMepa  mo>kho  Ha3BaTb  nporpaMMbi 
HACA  Discovery  New  Millennium,  anoucKyio  nporpaMMy  Hypersat  h  npo- 
eKT  EKA  PROBA.KocMHuecKoe  areHTCTBO  OpamiMH  CNES  pa3pa6aTbiBaex 
yHHBepcajibHyio  njiaT(J)opMy  Proteus  b  HHTepecax  KocMMuecKoil  HayioppHc- 
TaHLtKOHHOrO  30HflHpOBaHH5I  H  CBH3H,  a  TajOKC  /ICMOHCTpaUMU  TCXHOJIOrHM. 
CNES  xaoce  pa3pa6aTbiBaeT  ceMeucTBo  MHKpocnyTHHKOB  (  Macca  100  kt) 
pjia  pemeHua  HayuHbix,  npMKJiapHbix  h  TexHOjiorHuecKux  3apau. 

IlporpaMMa  Discovery  aBJinexoT  xapaKTepHbiM  npHMepoM  peMOHCTpa- 
ipra  TexHOJiorHM  b  HHTepecax  H3yueHH5i  cojuieuHOH  cHCTeMbi  (  Lunar 
Prospector  ,  Mars  Pathfinder,  NEAR).  3ia  nporpaMMa  iimpOKO  H3BecTHa 
H3-3a  HHTepeca  k  pemaeMbiM  eio  3apauaM,  no3BOJiaioiii;HM  nojiyHHTb  peH- 
Hbie  paHHbie  o  noBepeHHH  MaTepnanoB  h  oOopypoBaHMa  b  KOCMOce,oco6en- 
ho  b  ycjioBHax  BpepHbix  H3.riyqeHMH  Ha  hh3Koh  0K0Ji03eMH0H  h  nepexopHoft 
k  reocTauHOHapHOM  opOmrax.  B  jcauecTBe  npHMepOB  xaicoro  popa  moxcho 
Taoce  Ha3BaTb  cnyTHHKM  STRV,  co3paHHbie  b  BejiHKoOpuTaHHH. 


/L  AKapeMHHecKaa  noproTOBKa. 

EbiCTpo  pacTyipeii  kocmhucckom  HHpycTpror  h  mhotmm  cBjmHHbiM  c 
Heft  cepBHCHbiM  h  HayuHbiM  opraHM3apHHM  HyxCHbi  xopomo  noproTOBJieH- 
Hbie  yueHbie  h  MH)KeHepbi. 

Flpopecc  noproTOBKH  cneiiMajiHcxoB  b  oOjiacTH  KOCMnuecKoft  TexHHKH 
MoxeT  6biTb  opraHH30BaH  na  ocHOBe  H3yqeHua  TexHOjioraft  co3paiiHa  Ma- 
JlblX  CnyTHHKOB. 

HecMOTpa  Ha  cboh  <J)H3HHecKH  HeGojibrnne  pa3Mepbi  Majibie  cnymHKH 
npepcTaBJiaiOT  co6oft  annapaTbi,  coH3MepnMbie  no  cTeneHH  cjiojkhocth  c 
OojrbiiiHMH  KA.  3to  pejiaex  hx  npHropHbiMH  pjia  M3yucHMu  Bcex  cxapuit  h 
acnexxoB  co3paHna  jnoObix  cnyTHHKOB  KaK  xanoBbix  -  pa3pa6oxKy,  npoH3- 
bopcxbo,  HcnbixaHHH,  3anycK,  ynpaBJieroie  h  aKcnjiyaxapmo  Ha  op6nxe. 
IToproxoBKe,  b  t.u.  Ha  KOMMepuecKoft  ocHOBe,  cnepnajiHCTOB  b  oSjiacxH 
KocMHnecKOH  tcxhmkm  iipupaeTca  Oojibmoe  3HaueHne  bo  MHorax  cxpaHax 
MHpa. 

npHBepeHHbie  npHMepbi,  nopTBepxgtaioT,  uto  Majibie  KocMHuecKfte  an- 
napaxw  b  cocxaBe  cncxeM  pa3jmuHoro  pcjicsoro  nasHaneHMa  b  Hacroaipee 
BpeMa  noPb3yioTca  noBbimeHHbiM  BHHMaHHeM  rocypapcxBeHHbix  KocMHae- 
ckhx  areHxcxB,  yaeHbix  w  cnepnajiHCTOB,  a  Taoce  ycToftaKBbiM  cnpocoM 
CpepH  HHBeCTOpOB  B  COBpeMeHHOft  SKOHOMHUeCKOH  KOHT>K)HKType  MHpOBO- 
ro  KOCMHUeCKOrO  pbIHKa.  B  COOTBeTCTBHH  C  3TMM,  KOCMHUeCKaa  npOMbini- 
jieHHOCTb  (hopMupyeT  pbiHomioe  npepjioxceHHe  b  BHpe  Oojibinoro  KOJiHuec- 
TBa  pa3Hoo6pa3Hbix  npoeKTOB  . 


B.BoObiJieB  h  pp. 


ToHHyio  BejiHHHHy  pbiHonHoro  cnpoca  Ha  Majibie  KA  jxarh  3aTpyAHH- 
TejibHO,  offHaKo  oneBHflHO,  'Ito  ripw  ctohmocth  ycpeAHeHHoro  MKA  b 
$  10  mjih.  h  noTpeOHocTH  He  MeHee,  neM  b  500-:-700  MKA,  BejiHHHHa  pbi- 
HOHHoro  cnpoca  b  TeneHHe  1997-2015  it.  npeBbicMT  $  5-1-7  MJipja,. 
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This  paper  presents  authors'  view  on  system  level  advantages  and 
commercial  merits  of  space  systems  employing  small  satellites.  The  main 
fields  of  application  of  small  satellites  —  communications,  Earth  remote 
sensing,  science  and  technology  demonstration  -  are  also  discussed. 

It  is  noted  that  there  exists  a  trend  towards  massive  use  of  small 
satellites  as  part  of  low  Earth  orbit  systems  for  mobile  communication  and 
broadband  data  relay.  Number  of  potential  users  of  services  offered  in  the 
course  of  their  operations  is  estimated. 

Finally,  it  is  made  a  conclusion  that  space  industry  has  attractive 
commercial  opportunities  to  perform  R&D  and  manufacture  small  satellites 
competitive  at  the  world  space  market. 
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Kocmoc  -  onepepHafl  cTyneHB  pa3BHTHH  HHBMJiHaaHHH,  HOBoe  HanpaB- 
jieHHe  HTH.  npoMbinuieHHO-pa3BHTbie  cTpam.1  oSjiapaioT  MOipHbiMH  paKe- 
TO-KocMJMecKHMH  TexHOjiornHMH  Bee  yrjiyOjiinoiHHecfl  rjio6ajibHbie  ripo- 
6jieMbT,  cBH3aHHbie  c  HeBocnojiHHMbiMH  npHpOAHbiMH  pecypcaMH,  3Hepro- 
oOecneneHHeM,  amnoraeM,  onacHocTbio  MHpoBbix,  Ha  nonBe  HepaBHOMep- 
Horo  pa3BHTHH  peTHOHOB,  COHHajIbHbIX  KOHc|)JlMKTOB.  KOCMOC  OTKpbIBaeT 
HOBbie  B03MOJKHOCTH  b  peineHHH  raoSajibHbix  npoSjieM  nejioBenecTBa,  ho 
oh  oaeHb  aopor.  HeoSxonHMa  pacnmpeHHan  KoonepapHH  MexcnyHapoflHbix 
ycHJiHH,  corjiacoBaHHe  h  yBH3Ka  CTpaTeraH  h  HapHOHajibHbix  ruiaHOB  pa3- 
bhthh  KocMBwecKHX  oxpacjieH.  Ha  3tom  nyTH,  nap  any  c  hoji  hthm  e  ckhm  m 
npHCTpacTHHMH,  skohom iraecKHMH  HHTepecaMH  h  npo6jieMaMH  o6mero 
iuiaHa,  HMeioT  MecTo  cyry6o  MeTopojioran ecKHe  3aTpyn,HeHHH .  Ohh  CB5i3aHbi 
co  cjioxHOCTbio  BbipaSoTKH  oSbeKTHBHbix  KOJTHVfecTBeHHbix  nepcneKTHBHbix 
oueHOK  npHHHMaeMbix  peineHHH.  IIpHHHHbi  -  MHoronapaMeTpunHocTb, 
MHOrOKpHTepHaJIbHOCTb,  HejIHHeHHOCTb,  HeonpepejieHHOCTH  pa3JIHHHOH 
npHpopbi  h  T.n.  CymecTByiomHe  nopxopbi,  ocHOBaHHbie  Ha  cKajiHpH3aii;HH 
hjih  ynpomeHHH  3apan,  b  OTBCTCTBeHHbix  cjiynanx  spaa  jih  npHeMJieMbi. 
HeoSxoAHMo  nepeHTH  ot  paccMOTpemra  TpHBHajibHbix,  b  MeToniraecKOM 
ruiaHe,  TeKymnx  lapaa  (rana:  h3bccthw  3aaaaa  h  KOHKypHpyioipHe  HocHTe- 
jiM  co  cbohmh  ynejibHbiMH  ctohmocthmh  BbiBenemra:  TpeSyeTcn  nopoOpaTb 
COOTBeTCTByiomHH  HOCHTejIb)  K  nepCneKTHBHbIM  OpeHKaM  COrjiaCOBaHHOH 
oSbepHHeHHOH  CTpaTeraH  pa3BHTHH  MHpOBOH  paKeTHO-KOCMHHeCKOH  HH- 
aycTpiiM  h  BbipaSoTKe  n;ejiecoo6pa3Hbix  coBMecTHbix  nopxo^oB  k  peineHHio 
rjio6ajibHbix  npo6jieM.  IJjih  ripo,aBHXcemia  b  stom  HanpaBjieHHH  HeoSxo/m- 
mo  pa3BHBaTb  COOTBeTCTByiomHH  MeTOflojioranecKHH  annapaT  h  aaKjiazibi- 
BaTb  aacKBaTHyio  peajimiM  MaTeMaTHnecicyio  ocHOBy. 

Hmepec  b  3tom  CMbicjie  npepcTaBJiHiOT  ajieKTHBHbie  (H36HpaTejibHbie) 
3apaiiH.  PaccMaTpHBaeTca  opua  H3  pasHOBH/iHocTeH  tbkhx  aa/iaa  -  aa/iaia 
ajibTepHaTHBHoro  pacnpepejiemm  pa3HOTHnHbix  cpepcTB.  AHaJiH3HpyioTCH 
ee  ocoSeHHocra.  npepaoxcen  3anporpaMMHpoBaHHbm  anropmM  peineHHH  3an;a- 
<TH.  npHBOZLHTCH  npHMCpbl  KOHKpeTHOH  peajiH3aHHH  ajiropHTMa.  BbixopHbie 
paHHbie  peineHHH  aapanH  npepcTaBJimoT  MHororuiaHOByio  ko ji hi c ctbc h iiy io 
HH(J>opMaHHK).  HanpHMep,  npHMeiiHTejibHO  k  PKT,  no3BOjraioT  onpepejiHTb 
cocTaB  ynacTHHKOB  b  binoji  h  e  h  mh  nepcneKTHBHOH  KocMHHecKOH  nporpaM- 
Mbi,  oSecnenHBaromHH  MBHHMtnaimio  3aTpaT  Ha  ee  HcnojineHHe,  pacnpe- 
pejxeHHe  o6H3aHHocTen  Mexcny  KOHKypeHTaMH,  ycTOHHHBOcTb  hx  nojioxceHHH 
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B  Cpefle  cUIbTepHaTHB  PI  T.n.,  BIUIOTb  flO  BbipaSoTKH  KOHKpeTHbIX  peKOMeH- 
flailHH  no  KOH  CTpyKTHBIIOMy  oSjIHKy  HJIH  BbIXOflHbIM  TeXHHKO- 
OKOHOMHnecKHM  noKa3aTejniM  onpeflejieHHon  ajibTepHaTHBbi.  riozio6HbiH 
(JjopMajibHbin,  cBo6oziHbin  ot  cy6beKTHBH3Ma  no^xo/i;  MoxeT  noMonb  npn 
(JjopMHpoBaHHH  cocTaBOB  KOHKpeTHbix  HcnojiHHTejieH  nepcneKTHBHbix  npo- 
rpaMM  n  flocTiaceHHM  coniacpra  npn  o6pa30BaHHH  MexcayHapo^Hbix  Koone- 
panHH.  AaropHTM  MOJKeT  6biTb  npHMeHeH  b  jiioSoh  oTpacjiH,  r,n;e  B03HHKai0T 
3aflaHH  MHHHMH3au;HH  3axpaT  Ha  BbinojiHeHHe  nporpaMM  nocpe^cTBOM 
onpeaejieHHa  onTHMajibHOH  HOMeHKriaTypbi  H3  HMeiomHxca  ajibTepHamB. 
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Majibic  KocMHHecKHe  annapaTbi  KaK  ocHOBa  co3#aHna 
MHOroenyTHHKOBbDi:  MHOrO(})yHKHHOHajIbHbIX  KOCMHHeCKHX  CHCTeM 

r.r.  PaHKyHOB,  A.M.  PeM6e3a,  JI.M.  Pomehobckhh,  A. A,  KySaHOB 
Mopo3eHKo  A.®.  HHHMMam, 

Focchhckofo  KocMHqecKoro  areHTCTBa 
141070  r.  KopojieB,  yji.  ElHOHepcKaa  4 
OaKc:  (095)-187-1511 

3(p(|)eKTHBHoe  pemeHHe  H3  kocmocb  pnaa  aicryajibHbix  nexeBbix  3aaai: 
HaBuraijKH,  cbh3H,  XHCTaiiiiHOHHoro  30HXHp0BaHHa  3 eMan  (,0,33),  naOjiio- 
aeHHH  KocMHaecKoro  npocxpaHexsa  (HKO)  -  xpe6yex  ooecneaeiiMii: 

BbicoKOH  nepnoaifHHocTH  o6aopa  cooxBexcxByiomHX  3on  npocxpancxBa 
KOCMxrxecKHMH  cpeacxBaMH  HaSaioaeHHa  c  xpeSyeMbiM  pa3peuieHHCM  hjih 
ycxaiioBaeHHH  npiiMbix  paflHOKOHxaKXOB  Mexgay  ko cmhh e ckhmh  h  HaaeM- 
HbiMH  cpeacxBaMH  CBM3M  -  Biuicixb  ao  HenpepbiBHbix; 

BbicoKOH  onepaxHBHoexH  flocxaBKH  HH4)OpMauHH  KOHKpexHbiM  noxpe- 
GHxejiHM  -  Bimoxb  ao  pexcHMa  peajibHoro  BpeMemi  (PPB); 

Hcnoab30BaHHH  noaBHxcHtiMH  noxpeSuxejiHMH  MajioraOapHXHbix  a6o- 
HeHxcKHX  xepMHHaaoB  (AT)  c  HH3KHM  3Hepronoxpe6jieHHeM  (Majion  mohi- 
HOCTbK)  p ax H O H3 JTV e HM H)  H  XK6kHM  HHXep{J>eHCQM,  oSecneXHBaiOmHM  co- 
npaxceHHe  c  KOMnbioxepHOH  xexHHKOH. 

3thm  xpeOoBaHHSM  b  HaH6ojibineH  cxeneeM  yaoBJiexBopxiOT  mho- 
rocnyTHHKOBbie  KocMBraecKHe  cncxeMbi  (MKC)  c  KA  Ha  oxHocnxejibHO 
HH3KHX  opGuxax.  Ohcbhxho,  axo  MHorocnyxHHKOBbie  opOnxajibHbie  rpyn- 
IIHpOBKH  (OT)  Moryx  SbIXb  C03XaHbI  (c  npHeMJieMbIMH  (JjHHaHCOBblMH  H  Ma- 
xepHajibHbiMH  3axpaxaMH)  xojibico  Ha  ocHOBe  hctioji b30BaHKH  MajioraOapHX- 
hmx  (“Majibix”)  KA  (MKA),  Koxopbie  no  cpaBHeHHio  c  TpaaHHHOHHbiMH 
(“6ojTbiiiHMH”,  “xiixcejibiMH”)  KA.  HMeiox  ypesaHHbie  xiejiesbie  cpytiKUHii, 
ynpomeHHbie  OopxoByio  (nejicByio  h  oSecneHHBaiomyio)  h  HaicMHyio  arnia- 
paxypbi.  KaK  Bcerna,  nponcxoanx  '‘pasMen”  oxhhx  xapaKxepHcxHK  cncxeMbi 
Ha  xpyrne.  3xh  <|)aKXopbi  b  coBOKynHocxH  c  npomBoacxBOM  MKA  oxhoch- 
xejibHO  OojibimiMH  cepiiHMH  oOycjiaBjiHBaiox  hx  npHeMjieMyro  exoHMoexb. 

BaxaieHuicH  npeanocbuiKOH  co3xaiiiiH  xaKHX  KA  HBjiaexoi  noxBJieHHe 
paaa  cneHHtJjHHecKHX  saaao,  peineHHe  Koxopbix  c  noMombio  xojibKO  xpaan- 
HHohhbix  KA  b  nojmoM  o6beMe  OKaxbiBaexca  sKOHOMHMecKH  HeadxjpeK- 
XHBHblM  HJIH  HeB03M0>KHbIM  B  CHJiy  XeXHHHeCKHX  H  3KOHOMK4eCKHX  orpa- 
HHneHHH,  3x0,  npexcae  Bcero,  3azKvm,  xpeSyiomHe  bbicokoh  nepiro- 
XHHHOCXH  HHcJiopMaHHOHHoro  oOcciiexeHiM  b  raoOajibHOM  hjih  peraoHajib- 
hom  MacmxaSax,  b  nacxHocxH,  3aaa4H  cb«3H  h  HaOjiioaemia. 

BaxcHbiM  cbaKXopoM,  cnoco6exByiomHM  co3aaHHK>  MHorocnyraHKOBbix 
Or  Ha  ocuoBe  npHMeHeHixa  MKA,  HBJwexca  B03Moxmocxb  hx  rpynnoBoro 
3anycKa  oxhoh  moihhoh  paKexoH-HocnxexeM  (PH)  hjih  BbiBoaa  hx  Ha  op- 
6nxy  3Xhmh  PH  b  KaxecxBe  nonyxHoro  ipy3a  npH  3anycKe  xiixcejibix  KA,  a 
xaiofce  HHXHBHxyaJiBHoro  3anycKa  c  noMombio  PH  Menbinen  rpy3ono4bCM- 
hocxh,  cosaaBaeMbix  b  4acxHocra  Ha  6a3e  CHHMaeMbix  c  BoopyxeHHH  6oe- 


BJbIX  paKeT,  C  OTHOCHTSJT  bHO  npOCTbIX  nyCKOBbIX  yCTaHOBOK,  B  TOM  MHCJie 
MoSHJIbHbIX,  6e3  HCn0J]b30BaHHJI  KOCMOflpOMOB. 

O^HHMH  H3  nepBbIX  MHOTOCIiyTHHKOBblX  Or  C  HCII0JIb30BaHHeM  MKA 
CTBJ1H  C03/iaBaTbca  /yiH  CnyTHHKOBbIX  paaHOHaBHTaHHOHHblX  CHCTCM 

(CPHC).  Tax,  yace  c  Haaaaa  60-x  roaoB  Haaaaocb  pasBepTbiBamie  CPHC 
“Tpan3HT”  b  CIIIA  h  rmna  u  UHKaaa”  b  CCCP,  06e  chctcmm  hmcjib  npn- 
MepHo  kojihtcctbo  KA  b  OF  (nopaaKa  6),  a  caeaoBaxeabHO,  oaHHaKOByio 
nepHoaMTHocTb  HaBHranMOHHbix  onpeaeaeHHH  -  30... 45  mhh.  (b  saBMCH- 

MOCTH  OT  reorpat})BM6CKOH  IHHpOTbl).  O/IH HaKOBbIMH  6bIJIH  H  TOHHOCTHbie 
xapaKTepHCTHKH  onpeaeaemia  MecTonoaoaceHHH  noaBHacHbix  o6beKTOB  - 
100. ..200  m  (3a),  hto  no  TeM  BpeMeHaM  yaoBacTBopaao  MeacayHapoaHbiM 
xpeOoBamMM  k  cyaoBoxoneHHK).  Ha  ocHOBe  KC  “Il,HKaaa”  6buia  coxaaHa 
HaBHranHOHHO-cBHSHaB  KC  cnaceHHH  Tepnamnx  6eacTBHe  cyaoB  h  caMoae- 
tob  “Haaeacaa”,  paSoTaiomaa  b  MeagiynapoaHOM  CHCTeMe  “Kocmoc- 
Capcax” 

Boaee  BbicoKHM  ypoeneM  pa3BHTna  MHorocnyraHKOBbix  CPHC  cTaxo 
co3aanHe  b  70-x...90-x  rr.  w  pa3BepTbiBaHHe  b  90-x  roaax  chctcm 
‘TaoHacc”  (Pocchh)  h  “HaBexap”  (GPS)  -  CIIIA,  Kaaaaa  H3  kotopmx 
BKjnonaeT  ao  24  MKA  Ha  KpyroBbix  opOnTax  bmcotoh  ~  20.000  km  B  Ha- 
CToamee  BpcMM  aeiicTByeT  oObeaHHemiafl  cncTeMa  ‘TjioHacc-GPS”.  3xa 
cHCTeMa  cJjopMHpyeT  HenpepbiBHoe  paaHOHaBHraaHOHHoe  none  c  mhoxo- 
KpaTHbiM  nepeKpbiTHeM,  oOecnexMBaioinee  b  jiioGoh  tohkc  3cmhoh  noBepx- 
HOCTH,  B03flyinH0X0  H  KOCMHXeCKOrO  (xio  BbICOTbl  2000  km)  npOCTpaHCTBa 
onpeaeaemie  KoopannaT  noaBEDKHbix  oObCKXoo  c  ToxnocTbio  (3a)  /no  30.. .60 
m.  CosxiaHa  m  Hcnojibxyexca  MaaoMaccoraOapMTHaH  HaBuraHHOHHaa  araia- 
paxypa  noTpeSHTejieft  (HAn)  -  Maccoil  ot  HecKojibKHX  KHJiorpaMM  ao 
HecKoabKHX  cot  rpaMM,  o6ecnexHBaioinaa  onepaTHBHocTb  HaBHrannoHHbix 
onpeaeaeHHH  1...5  mhh  (b  3aBH chmocth  ot  ancaa  npneMHbix  KaHanoB). 

B  HacToamee  BpeMH  npoHBaaeTCH  noBbimeHHbiH  HHTepec  k  coBqaHKio 
MHOroenyTHHKOBbIX  HH3KOOp6nTajIbHbIX  CHCTeM  enyTHHKOBOM  CBH3H 

(HOCCC). 

OcHOBHbie  HOCCC,  pa3pa6aTbiBaeMbie  4>HpMaMH  CIIIA,  EBponbi, 
Pocchh,  npeacTaBaenbi  b  TaSamic  c  yKa3aHHCM  Maccbi  KA,  KoaHaecTBa 
cf)yHKHHOHHpyiomHx  b  opOHTajibHbix  rpynnnpoBKax  (OF)  HC3,  napaMexpoB 
hx  op6HT,  a  Taiace  HaaHaaeHHH  h  ochobhmx  oco6eHHOCTeH.  AHajiH3  MaTe- 
pnajioB  TaGaHHbi  h  aonoaHHTeabtibix  hctohhhkob  no3BoaneT  caeaaTb  cae- 
ayiomne  BbiBoaw: 

Or  HOCCC  pa3BopaqHBaioTCH  npeHMymecTBeHHO  Ha  BbicoTax  nopna- 
Ka  700  h  1500  km  c  KoanaecTBOM  HC3  b  Or  ao  70  h  48  cootbctctbchho  h 
Maccoil  HC3  b  HecKoabKo  cot  KHaorpaMM;  cymecTBveT  TeHaemjHH  co3aa- 
hhh  Or  HOCCC  Ha  BbicoTax  ~  10.000  km,  bto  no3BoaaeT  yMeHbniHTb  ko- 
hmtcctbo  MC3  b  hhx  ao  12,  ho  BeaeT  k  pocTy  Maccbi  KA  ao  1000.. .2000  kt 
(cHCTeMbi  Odissey,  Inmarsat-P,  oaHH  H3  BapnaHTOB  chctcmm  “PocTeaecaT”); 

ochobhwm  Ha3HaaeHHeM  HOCCC  HBaneTca  oOecneaeHHe  nepcoHaab- 
HOH  CBH3H  C  MoOroibHblMH  oSbeKTaMH  npH  XapaKTepHCTHKaX  a60HeHTCKHX 
TepMHHaaoB  (AT),  6aH3KHx  k  xapaKTepHCTHKaM  paaHOTeaecjxmoB  cotoboh 
CBH3H  H  CnOCoSHbIX  K  COnpHaceHHIO  C  CHCTeMaMH  COTOBOH  CBH3H*, 


aHTCHHM  CpeflCTB  CB5I3H  HC3  OojIblLIHHCTBa  HOCCC  HM6K5T  y3KOHa- 
npaBjieHHbie  ynpaBjiaeMbie  pMarpaMMbi  HanpaBJieHHQCTH  h  tfjw  tqhhoio 
HaBep;eHna  jiyqeii  Ha  AT  HeoSxo/iHMO,  htoOm  Ha  6opT  MKA  nocTynajia 

HH^OpMapHH  O  MeCTOHOJIOJKeHHH  oSbeKTa,  C  KOTOpbIM  yCTaHaBJIMBaClCH 

cBH3b,  tito  Moxcex  6biTb  oSecneaeHO  jih6o  cbmoh  HOCCC  3a  caex  o6pa6oT~ 
kh  b  Ha3eMHOM  neHTpc  (“imnoae”)  paaHocurHajioB,  nepexBaTbiBaeMbix  06b- 
eKTOM  h  peTpaHCjmpoBaHHbix  HecKOjibKHMH  MKA,  jih6o  nyreM  conpaxce- 
HHH  AT  HOCCC  c  HAH  cHCTeMbi  ‘TjioHacc-GPS”. 

YaHTbiBaa,  mto  aaflana  onpeaejieHHa  MecxonojioxteHHa  b  HOCCC  hb- 
jweTca  BcnoMoraTejibHOH  -  pemaexca  b  HHTepecax  dSecneaeHHH 
yCTOHHHBOH  paHHOCBH3H,  SojIblHHHCTBO  HOCCC  MOXCHO  CHHTaTb  OflHO- 
<J>y  HKHHOHajIbHbIMH . 

B  TO  xe  BpeMH  3ap,aHH  AHCTaHUMOHHOrO  3OH,0(HpOBaHHa  3eMJIH  c  HC- 
II0JTb30BaHHeM  TOJIbKO  OflHHOHHblX  6ojIbIIIHX  HC3  THna  Pecypc-O  , 
“Pecypc-O”  peinaioTca  h epo cTaxoa no  ocjxjbeKTHBHO.  KA  “Pecypc-O  mvieex 
BbicoKyio  paapeuiaiomyK)  cnoco6HocTb  Ha  mccthocth,  ho  HH3KHe  3HalicHHH 
nepHOZIITHHOCTH  HaSjIIOAeHHH  H  OnepaTHBHOCTH  aocraBKH  HHC|)OpMaHH H .  KA 
“Pecypc-O”  npn  bmcokoh  onepaTHBHOCTH  aocxaBKH  HHcjjopManHH  xaKXce 
HMetOT  HH3KytO  nepHOflHHHOCTb  Ha6jnoaeHHH. 

3HaHHxejibHaa  nacTb  aaHiibix  chctcm  A33  ocTaeTca  HeBOCTpeOoBaHHoii 
Bcae^cxBHe  HecooTBeTCXBHH  nejieBMM  HHxepecaM  noxpe6nxejieH  (He  xe  paH- 
ohm  h  BpeMH  cbeMKH,  HH3tcaH  n ep mobhh h ocxb  HaSjuojjeHHH  h  onepaTHB- 
Hocxb  pocxaBKH  aaHHbix  h  ap.).  3tot  HeflocxaTOK  b  3HaTi HxejibHO h  cxeneHH 
Moxcex  6bixb  cKOMneHcupoBaH  ncnojib30BaHHeM  MKA,  ocnameHHbix 
cpeacxBaMM  HaGjHoaeHMSi  b  bhhmmom,  HK  h  CBM  ananaaoHax.  Ha  ochobc 
MKA  MoryT  6bixb  coaaaHH  MHorocnyTHHKOBbie  KC  fl.33,  oSecnenHBaiomHe 
Heo6xoaHMyK>  nepHo/iHHHocTb  Ha6jnoaeHHH  aaaaHHbix  paitoHoe  npH  aocxa- 
xohhoh  pa3pemaiomeH  cnocoSiiocTM  Ha  mccxhocth  h  BbicoKyio  onepaxHB- 
HOCXb  flOCTaBKH  HIKfjOpMSiHMH  -  6jIH3KyiO  k  pexciiMy  peajibHoro  BpeMeHH 
(PPB).  O/iHaKo  6ojiee  Hejiecoo6pa3HbiM  HBjiaeTca  ocHameHHe  MKA 
HOCCC  onxHKoajieKTpoHHOH  annapaxypon  (03A)  Ha6jnoneHHH  3eMHOH 
noBepxHoexH  b  bhhhmom  h  HK  ziHanaaoHax,  IlpH  Hcnojib30BaHHH  coBpe- 
MeHHbix  xexiiojiorHH  Macca  Monyna  03 A  b  othx  HHanaxonax  Moxcex  6bixb 
cpaBHHxeabHo  HeOojibmoH  -  ox  7  ho  60... 70  kt.  Ha  MKA  HOCCC  Bcerzna 
Moxcex  6bixb  npenycMOTpeH  HcoSxo/iHMbiH  peaepB  Maccbi.  /3,jih  paaMemeHHH 
03A  6ojree  npnroaHa  HOCCC,  MKA  b  Koxopbix  OyHKHHOHnpyioT  na  bh- 
coxax  nopa/iKa  700  km.  Ha  aacTH  MKA,  HanpHMep,  Ha  nojioBHHe,  Hapany  c 
SopxoBbiM  pa/inopeTpaHCjianMOHHbiM  KOMXUieKcoM  (BPPK)  Moxcex  ycxaHa- 
BjiHBaxbca  6jiok  onTHKoajieKTpoHHbix  KaMep  (BOOK).  Aji a  pa3jiHHHbix  3a- 
aaa  A33  Moryx  Hcnojib30BaTbca  pa3Hbie  MoanOmcainiH  B03K,  ot- 
jmaaioiijHeca  apyr  ox  apyra  BejiHHHHaMH  npocTpaHCTBeHHoro  h  cneKTpajib- 
Horo  pa3pemeHna. 

OyHKpna  A33  aenaeTca  oanon  H3  BaxcHbix  b  TaKOH  MHorocnyTHHKO- 
BOH  MHOLOclWHKHHOHajIbHOH  KOCMHHeCKOH  CHCTeMe  (MMOKC).  CoBOKyn- 
HOCXb  (J)H3HHeCKHX  BejlMBHH,  KOTOpbie  MOiyT  6bITb  HOHyaeUbl  C  nOMOIHbK) 
cpeacTB  A 33  (coBMecTHO  C  aaHHbiMH  KC  iHapoMereopojiorHqecKoro  h 
reocliHSPBiecKoro  oSecneaeHna)  o6pa3yeT  oSmupHyio  HH(J)opMapHOHHyio 


6a3y,  Koiopaa  no3BOAHX  ygoBJieTBopHTb  3anpocH  Sojifamoro  Kojimecxsa 
pasjiJFiHbix  noxpeSHxejien,  B  pesyjibxaxe  xeMaxmecKon  o6pa6oxKH  Aanebix 
oaiioro  h  xoro  >kc  na6opa  (fmsunecKHX  bcjiipihh,  nojiyneHHbix  b  xoae  cnyx- 
HHKOBbix  HaSjifo^eHHW,  MoxcHo  riojiynHXb  TpeSyeMyio  HHcbopManHio  aas 
pemeHHa  pa3AHHHbix  3  a  aba:  SKOAonraecKoro  MOHHXopHHra,  KOHxpojiA 
xpesBbPiaHHbix  cHTyauHH  (cxhxhhhbix  Scacxbhh  h  aHxponoreHHbix  Kaxa- 
cxpocf)),  HccAeAOBaHHfl  npnpoAHbix  pecypcoB,  o6ecneneima  pannoHajibHoro 
npHpoAOHcnojib30BaHH«,  KjiHMaTOJiornH,  OKeaHOjioraH  h  Ap.  MKA,  npeA- 
Ha3HaaeHHbie  jyix  Hcnojib30BaHHH  b  MM<J>KC,  no  cpaBH6HHio  c  xpaAHpn- 
OHHblMH  (“SoAbfflHMH”)  KA  ABJIAIOXCA  no  yCXpOHCXBy  6ojiee  npOCTbIMH  3a 
cnex  ynpomeHHH  ex  <f>yiiKiiMM  h  cHnxcerapi  ypoBHA  TTX  annapaxypbi,  3xh 
(jiaKXOpbl  B  COBOKynHOCXH  C  BOSMOJKHOCXblQ  IIpOH3BOACTBa  MKA  OXHOCH- 
XejIbHO  KpynHbIMH  CCpHHMH  o6yCJiaBAHBaK3T  HX  CpaBHHXejIbHO  HM3KyiO 
CX  OHMOCXb . 

npneMHHKH  3jXeKXpOManiHTHOrO  H3JiyneHHH  BHAHMOrO,  HK  n  yo 
AHana30H0B  abajhoxca  b  Hacxoatnee  BpcMa  HanSoAee  HH(f>opMaxHBHbiMH 
AaxHHKaMH  aa«  ZI33,  KOHxpojia  oGbexxoB  pa3JinnHon  npnpoAbi,  (fiopMbi  h 
pa3M6poB.  npH3HaKOBoe  npocxpancxBo,  noxemmajibHo  Aocxynnoe  ajih  pe- 
racxpanHH  c  rioMomi.io  npneMHHKOB  Hsaynesimi,  cnoco6Ho  oxo6pa3HXB 
npaKXiPiccKH  Bee  BaxatcnniHe  cBoncxBa  KOHXpoAHpyeMbix  oS'bckxob. 
OcBoeHne  yKa3aHHoro  npH3HaKOBoro  npocxpaHcxBa  bo3Mo>kho  Ha  oceoBe 
coBepineHcxBOBaHHH  H3BecxHbix  bhaob  AaxnHKOB,  noncKa  npHHAnnnajibHo 
HOBbix  xexHHnecKHX  pemeHHH,  co3AaHHH  BcnoMoraxeAbHbix  ycxpoHcxB:  3a- 
nncH,  o6pa6oxKH,  nepeAann  n ncfiop Mamin .  YKa3aHHbiH  nyxb  abahcxca  3cf>- 
(f)eKTHBHbiM  HanpaBJieHHCM  pacmnpcHHA  cnexxpa  3aAan  /f33,  pemaeMbix  c 
noMoin,bK)  KA. 

Ha  Apyron  xacxn  MKA  b  MMOKC  Moryx  6bixb  ycxaHOBACHbi  B03K 
co  cneiinajibHo  noAoSpaHHbiMn  xapaKxepncxHKaMH  onxHKQ3AeKxpoHHbix 
KaMep,  opneHxnpoBaHHbiMH  b  cxopoHy  KOCMiPiecKoro  npocxpancxBa  h 
oSecnenHBaiomHMH  pcmeHne  3aAann  HKI1. 

BaxcHefimHMH  npoGjieMHbiMH  HanpaBAeHHHMH  coBepuieHcxBOBaHHfl 
GopxoBbix  H3MepnxeAb]Xbix  AaxHHKOB  KA  ,0,33  h  HKII  hbjtmioxch: 

co3AaHne  hobbix  npneMHHKOB  H3AyneHHA  MaxpMAHoro  xnna  c  ypoBHeM 
nyBcxBHxeABHocxn,  npn6ji  nxcaiomnMCH  k  hx  cf>H3iriecKOMy  npcneay  n  mh- 
HHMajibHbiMH  pa3MepaMH  nnKcejia  b  bhahmom,  HK  n  YO  Anana30Hax; 

paxpaSoxKa  hobwx  BbicoKOCKopocxHbix  MexoAOB  h  xexHHnecKHX 
cpeACXB.  nojiyneHHH  h  o6pa6oxKH  cneKXp030HajibHbix  H3o6paxceHHH,  a  rax- 
xce  KOMmieKCHbix  chhmkob  b  paaAHHHbix  AHana30Hax  cneKxpa  c  Hcnojibao- 
BaHneM  naccHBHbix  n  aKXHBHbix  (AOKannoHHbix)  cpeACXB; 

ocHameHne  annapaxypbi  ynpaBAneMbiM  CBexocjiHAbxpaMH; 
pa3pa6oxKa  chcxcmm  ynpaBAeHnn  ABnxceHneM  KA  c  ncnoAb30BaHHeM 
cpeACXB  acxpoopneHxanHH,  a  xaKHce  npenn3HOHHbix  cncxeM  opneHxannn  n 
cxa6nAH3anHH,  ajhi  yxymiieHHA  xoahocxh  npHBA3KH  HHcjjopMaijHH. 

TaKHM  o6pa30M,  MHorocnyxHHKOBbie  OK  c  ncnoAb30BaHneM  MKA 
AOJDKhm  co3AaBaxbcfl  KaK  MHoroc[)yHKu,HOHaAbHbie,  nxo  no3BOAHT 
o6ecnennxb  hx  npeHMymecxBo  no  KpHxepmo  “exoHMoexb  -  3(f)(f>eKTHB- 
Hocxb”  (npH  npaBHAbno  BbiSpaHHOM  noKa3axeAe  3(|x})eKTHBHocxH). 
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Efficient  decision  from  space  of  such  key  tasks  as  communications, 
navigation,  Earth  remote  sensing  and  space  monitoring  require  high 
surveillance  periodicity,  prompt  data  delivery  and  small  ground  terminals 
application.  Majority  of  the  above  requirements  are  close  to  the 
requirements  to  the  facilities,  currently  used  for  various  tasks  and  may  be  met 
with  the  help  of  multisattellite  low  orbit  space  systems,  comprising  small¬ 
sized  satellites  bearing  on  board  different  multipurpose  equipment  and 
functionally  matched  ground  receiving  terminals. 

Short  terms,  required  for  low  orbit  small  SV  clusters  creation  and 
recovery  is  ensured  on  account  of  the  clusters  joint  launch  and  use  of  cost- 
effective  serial  launchers,  including  the  attack  rockets,  withdrawn  from  the 
armament. 


Hncxoflamaa  KepapxHfl  Mopyjien  -  ocuoBa 
coBepmeecTBOBaHHH  Oypymen  TexHOJioraH 
C03flaHHH  KOCMHHeCKHX  CHCTeM 
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B  floiuiane  H3BecTHbiH  MopyjibHbiH  npHHnnn  cMcxeMHo  pacnpocTpa- 
HaeTCH  Ha  Bee  ypoBHH  h  oGbeKTbi  no  rjiyGtffle  npoeKrapoBaHwi  MipejiHH 
PKT.  PaccMOTpeH  npHMep  mho roypoBHeBOH  cTpyKTypbi  MopyjieH  KA. 

MoZiyJIbHOCTb  HSpejIHH  -  CTapeHIHHH  H3  npHHHHnOB  HIHKeHepHH. 
npHMep  -  pe3b6oBon  Kpene>K. 

B  Hanien  npaKTHKe  -  TOJibKO  npoeKTbi  KOHCTpyKTHBHbix  Mo^yjieH. 

npHMep  -  yxn 

OflHaKO  B03M0XCH0CTH  MeTOfla  3HaHHTeJIbHO  IHHpe. 

tlejib:  CoKpamenne  cpoKOB  h  ctohmocth  co3,n,aHHa  o6pa3HOB  PKT. 

3to  -  rapaHTiw  ycnexa  Ha  mhpobom  KocMmiecKOM  pbiHKe. 
npepnocbWKH  (aiciyajibHOCTb  TeMbi): 

-pOCT  CJIOXCHOCTH  H3fleJIHH  PKT 

-  noBbinieHHe  TpeSoBaHHH  k  hx  xapaierep HCTHKaM 

-  ecTecTBeHHaa  KOHKypeHHHa  b  ycjioBHax  pbiHKa 

-  HeoSxOUHMOCTb  COKpameHHH  HHKJia  C03flaHHH 

-  HeoSxoflHMOCTb  SbICTpOrO  BHC/ipCHHH  HOBaHHH 

-  MaKCHMajIH3aU,HH  OT/ialIH  O  Ka5K,HOH  eflHHHHbl  3aTpar. 

DiaBiiaH  cyTb  MeTopa:  IlpHMeHHTejibHo  k  nmory  npoeKTHpoBamia 
SopioBbix  BbTqHCJTHTejibHbix  cpepcTB  nepcneKTHBHbix  KA  npe/HioixeHa 
MepapXHH  H3  pecara  ypoBHCH  MO^yjibHbix  cTpyKTyp,  cooTBeTCTByiomaa 
ocHOBHbiM  oObeKTaM  HHcxopaipero  npoeKTHpoBaHHa  Ha  6a3e  KJiaccHcfjHKa- 
HHOHHOH  TexHOJioraH. 

BHpTyajibHaii  Mopejib  MopyjibHon  6a3bi  -  nnpaMHpa  cfjaKTOpoB 
ycnexa. 

OcHOBHbie  npHHHHnw  (noBH3Ha  h  otjihbhc  ot  ceroznramnen  npax- 

thkh): 

oxBaT  Bcex  ypOBHeft  cjiojkhocth  ot  KC  jio  3/ieMeHTHOH  6a3Bi 
pa3HOo6pa3He  ranaacen  paccMaTpHBaeMbix  Mopyaeft 
oxBax  Bcero  npoeKTHQro  nraora 

nocTpoeHHe  6a30Bbix  HopMopaaoB  MOflyaeft  xaxaoro  rana 
HHTerpanMH  Bcex  cj)yHKHWM  Kaxaoro  maeaHa 
coKparpeHne  THnopa3MepoB  ycTponcTB  H3aeana 
HeoGxopHMocTb  peopraHH3apHH  cymecTByromett  KoonepapHH 
Pe3ioMe: 

-  COKpaTHT  PHKJT  CO3,0,aHHfl  M3flePHH; 

-  CHH3MT  ceSeCTOHMOCTb  H3flejIHH; 

-  noBbicHT  opt  npoeKTHbix  peuieHHtt; 

-  ponojiHMTejibHaa  cneuMaaMrianna  c[>HpM  OTpacan  no  BbinycKy  Mopyaen 
onpepeaeHHoro  ran  a  pjia  Bcex. 


JI.naTpHKeeB 


MexmyHapo^Haa  HHxejureKxyajibHaH  cpeaa 
HHTepaKTllBHOrO  o6lH,eHHH  H  MeCTO  B  Hen 
HHTCJiJieKTyajibHbix  MKA 

The  Perspective  of  Intellektual  Small  Satellites  Using  in 
the  Space  Informational  Systems 

B.A.  HBanoB  Kjiy6  "HHTEJIJIEKT"  r.  KopojieBa 


Ha  iuxamipyeMOH  k  co3biBy  b  2000  ro/iy  "AccaMSjiee  xbicHqeaexufl" 
npeanoaaraexcH  b  paMKax  Mex<ayHapoaHbix  npoOjieM  oOcyanxb  Bonpoc  o 
co3p;aHHH  e^HHoro  HH^opMauHOHHoro  npocTpaHCTBa  SeMjra. 

Oho  aoiCKHo  c  noMombio  raoSajibHoii  xeaeKOMMyHHKanHOHHyio  ch- 
CTeMy  cbh3h  coxaaxb  HeKyio  ocoSyio  MHcfjccjiepy  aan  oSnjeHHH  c  Hen  b  hh~ 
Tepa kthbhom  pexcHMe  Bcex  xoaxenen  3eMJiH,  KaK  c  KopnopaxHBHbiM  HHxe- 
rpajibHbiM  aOoHCHTOM,  npeflCTaBjHiiomHM  "o6tu,ecTBeHHbie  3HaiiH>f". 

3xo  noxpeOyex  co3aaHHH  He  to/ibko  KaaecxBeHHoro  HOBoro  CHexeMO- 
TexHiw e CKoro  ypoBHH  HH(J)opMaijHOHHOH  CHcxeMbi,  ho  raaBHoe,  chopMMpo- 
BaraiH  npHHUHnnajibHO  hqboh  fJ)HJTococf)MH  MexcayHapoaHoro  o6m,eHHH,  a 
xaKxce  pemeHHH  npohjieMbi  npeoaojieHHH  H3MKOBoro  Sapbepa.  HpH  pa3pa- 
6oxKe  MexcrocyflapcxBeHHbix  npoexxoB  paaBepxbiBairaa  h  oKcnayaxanHii 
nepcneKXHBHbix,  h  b  nepByio  oaepeab,  KocMmiecKHX  cpeacxB  cbh3h,  Heo6- 
xop,HMo  yxce  ceiwac  npeaycMarpHBaxb  xaKyio  nepcneKXHBy  pa3BHXHH. 

IIpoSjieMa  axa,  Ha  aeae,  He  cxojibKo  xexHHHecicaa,  cKOjibKo  HayaHo- 
(J)HJioco4)CKaa  h  nojiHXtmecKaa.  OanaKO  nan  ee  HanajibHoro  paccMoxpemiH 
xieoOxoaHMa  BcecxopoHHaa  npeflBapHxejibiiaa  npopaSoxKa  B03MoxcHocxefi 
yBH3KH  caMHX  xexHixaecKHX  cncxeM.  KaK  npaBHjio,  ohh  co3aaioxcH  nop;  y3- 
Ko-nepcoHajibHbie  xpeOoBaHHH  KOHKpexHbix  opraHH3aHHH-3aKa3HHKOB  6e3 
yaexa  bobmoxchocxh  BKJitoaeHHa  b  rjioSajibHyio  cexb  (o6jihk  xbkoh  cexn  no 
chx  nop  He  onpeaeaeH),  a  nx  HHxep<heHc  npaKXHaecKH  na  npeaycMaxpHBaex 
HHxepaKXHBHbie  pexcHMbi  paOoibi  nepcoHajibHoro  nojib30Baxejia  c  caMon 
cHcxeMOH,  a  noa/iepxcHBaex  jmuib  HeKoxopbie  HHxejuieKxyajibHbie  cjxyHKijHH 
cepBHca,  a, a  H  xo,  KaK  orpaHnneHHbie  bo3Moxchocxh  cepsepHOH  aacxM. 

pemeHHH  rjiaBHoii  reonoaHXHHecKOH  npoOaeMbi  XXI  BeKa  — 
nioOajibHoro  MOHHXopHHra  3eMjra  —  HeoOxoaHMO  o6ecneamxb  pexcHM 
nojmoH  h  BceoSmen  npo3paxniocxM  HaOjiioaeima  3a  pe3yjibxaxaMM  ho- 
octJiepHOH  flenxejibHocxH,  B03MOXCHoexb  oSmecxBeHHoro  KOHXpojiH  Han 
ynpaBJieHHeM  HOocxfepHbiMH  xexHonoraHMH  h  HHcfopMaiXHOHHbiMH  pecyp- 
caMH.  3xo  yxce  ceimac  xpe6yex  coBnaraiH  Ha  mhpobom  ypoBHe  HneonorHH  h 
oOaHKa  KOHnenxyajibHoro  npoeKxa  HHxenne xxyan  b no r o  HHxeptJienca  nep- 
cneKXHBHoii  HH(J)opMaiJ,HOHHOH  cHcxeMbi  III-ro  xbicHaeaexHH.  Ee3  pemeHHH 
npoGjieMbi  napHxexHoro  yaacxMH  Bcex  rocynapcxB  b  HHcjmp MaiiHOHHbiX 
nponeccax,  peanH30Baxb  Haeio  OOH  06  ycxoiiHHBOM  h  cGanaHCHpoBaHHoe 
pa3BHXHH  b  XXI  BeKe  MHpoBoro  cooOmecxBa  b  npHHipane  He  peaiibHo.  Yhh- 


TMBcifl  rjio6ajit>HbiH  xapaKTep  npoSjieM  Ha  AccaM6jiee  OOH  2000  rofla,  He- 
o6xo/ihmo  onpenejiHTb  npHHniiiibi  h  cxeMy  opraHH3au,HH  MC)K/iyHapo,mioH 
xtorTejibHocTM  no  cowhhk)  corjiacoBaHHoro  npoeKTa  rJioGajibnon  hhtcji- 
jieKTyajibHon  cpe^bi  Ha  ocHOBe  fleHCTByiomux  h  pa3pa6aTbiBaeMbix  HHcJ)op- 
MailHOHHblX  CHCTeM.  ,Q,ejIO  B  TOM,  *ITO  IITHpOKa#  HOMeHKJiaTypa  TaKJTX  CH- 
cTeM  c  paajiHMHbiMH  npHHpnnaMH  nocTpoenim  h  ynpaBJieHHn  noTOKaMH 
cooOuieHHH  mojk&t  cTaTb  cepbe3HbiM  npenHTCTBHeM  Ha  nym  co3/iartH>i  cjxm 
hoto  micjiopManHOHHoro  npocTpaHCTBa  h  npHBecTH  k  nena/ibHO  n3BecxHO- 

My  "BaBHJIOHCKOMy  CTOjmOTBOpeHffio". 

Bbixo/i  o/ikh  -  HyxcHO  paspaGaTbiBaxb  KOHnenmno  MeTacncTeMbi,  KaK 
cepBHCHOH  HaflCTpOHKH  H3fl  BCeMH  TeJieKOMMyHHKaHHOHHblMH  CHCTeMaMH. 

Rjw  oOecnenemra  nocTyna  k  TaKon  cncTeMe  h  onepaTHBHOH  cwcTeM- 
HOH  yB»3KH  (peKomJnnypaiuffl)  ee  CTpyKTypbi  oHa  aojDrna  HMeTb  co6- 
cTBeHHyio  HaflCMcxeMiiyio  TeaeKOMMynn KannoHHyto  ceTb  c  ocoGbiMH 
CBOHCTBaMH. 

B  ee  aaflaan  He  6y/j.ex  BxoflHTb  pexcHM  nepe/mn  Soabinnx  Tpan- 
cnopTHbix  noTOKOB  coo6meHHH  n  oOecnenemm  ninpoKoro  cneKTpa  npoTO- 
KOJIOB  CBH3H,  a  rjiaBHbIMH  TpeOoBaHHHMH  CTaHyTl 

•  ObicTpoTa  nepeflaHH  HHcJjopMaunn  (He  coo6m,eHHH  a  noiMTHHi  ion  cyTH); 

•  rjioOajibHocTb  nocTaBicn  HH^topManwH  h  nocTOBepHocxb  nojiyneHHa; 

•  rnSKOcTb  ynpaBJicHna  cTpyKxypon  h  onepaTHBHan  a^anTHBHocTb; 

co3aaHne  TaKoii  CHcxcMbi,  oOecneMHEaioinen  yKa3aHHbin  cepBHc  b 
4>oPMe  HHTep^enca  "HHTEJIJIEKTYAJIbHHM  ACCHCTEHT"  -  Han6o- 
jree  pamioHajibHO  HcnojibaoBaxb  cncxeMy  HHTejuieKTyajibHbix  MKA. 
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HHtJjopiviauHOHHoro  oGecneneHHH  pemeiiHH  sa^an  coijHaJibHO-aKOHOMHHecKOH 
c4>epbi  h  Me>KAyHapo,aHoro  corpyaiHHHecrBa 
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Petjiepax 

IIOTpeSHOCTH  B  KOCMH^eCKOH  HH(f)OpMai],HH  (KH)  SbICTpO  B03paCTaiOT, 
nocTeneHHO  npn6jiH>Ka.qcb  k  ypOBHio,  KOTOpbra  MOXceT  6biTb  onpe,a;ejieH  Tax: 
uHH(j)OpMapHH  HHKorfla  ne  6bmaer  cjihlukom  MHoro  h  OHa  floiDKHa  6birb  co6pana 
KaK  MOXOHO  paHbUie”. 

npaKTHKa  riOKas a.na  SojibiiiHe  noreHUHaJibUbie  bo3mo3khocth  npHivienemia 
AHCTaHHHOHHoro  30H#HpoBaHna  3eMJiw  (/3,33)  npH  pemeiiMH  umpoKoro  Kpyra  3aflaq 
npaKTHHecKH  bo  Bcex  HairpaBJieiiHBx  okohomhkh  h  copwajibHOH  c(|)epbi.  O/piaKO, 
peaubHaa  oSjiacTb  Hcnojib30BaHHa  kocmhhcckoh  HH<j)opMapHH  cocTaBJiaeT  Ha 
ceroflHH  JiHiub  Maixyio  qacTb  noxenuMajibHOH.  rjiaBHOH  npHHHHOH  oxoro  aBJiaeTca 
to,  hto  cym,ecTByiom;He  h  pa3pa6axbiBaeMbie  KOCMHHecKwe  cncxeMbi  ,333  BecbMa 
/naireKH  ot  M/ieajibHOH,  y^oBJieTBopaiomeH  BceM  TpeSoBaHHHM  riojib30BaxexieH, 
CHCTeMbi.  B  3tom  CMbicjie  noHBJieHne  Majibix  KA,  ocHameHHbix  annapaTypon  3,33 
BbicoKoro  npocxpaHCTBeHHoro  pa3pemeHHH  h  o6be,o,HHeHHbix  b  CHCTeMy, 
OTKpbiBaeT  B03MOKHOCTb  nepeftTH  ot  “MeHbmeH”  k  “6ojibineH”  h  Aaxe  “oxeHb 
6ojibmoH”  CTeneHH  npHSruoKeHHa  CHCTeMbi  333  k  HfleajibHoii. 

CacTeMa  MKA  c  annapaTypon  ,11,33  b  HacToaiuee  epeMa  npepcTaBJiaeTca 
npaKTHnecKH  e^HHCTBennoH  OTenecTBeHHofl  pa3pa6oTKOH,  choco6hoh  cocTaBHTb 
peanbHyio  KOHKypeHUHio  Ha  mhpobom  pbiHKe  HHijiopMaijHOHHOH  npozi;yKpHH  h  ycjiyr 
b  o6nacTH  333.  Ona  cwrpaeT  BaacHyio  pojib  b  o6ecneneHHH  HucJxopMaHHOHHOH 
o6ecneHeHHocTH  CTpaHbi. 

yMeHbuieHHe  ce6ecxoMMOCTH  nojiynaeMoii  KOCMHHecKofi  HHtjiopMapMH  co3^;aeT 
npe^nocbuiKH  ftna  npHBJieqeHHa  hctomhhkob  HerocyflapcTBeimoro  (JjHHaHCHpoBaHHa 
npoeKTa. 


Pojib  h  MecTO  CHCTeMbi  Majibix  KOCMHHecKHX  annapaTQB  J133 

KoCMHHeCKHe  CHCTeMbi  AHCTaHpHOHHOrO  30HAHpOBaHHa  3eMJIH  (3,33) 
HBJiaioTca  THnHHHbiMH  HH^opMapHOHHbiMH  CHCTeMaMH,  npe,n;Ha3HaqeHHbiMH  Rim 
oSecneaeHHa  oTpacjieii  copHajibHo-sKOHOMHnecKOH  c<|)epbi  h  opraHOB 
rocypapcTBeHHoro  ynpaBJieHHa  AaHHbiMH  o  npapo^Hbix  h  TexHoreHHbix  oSxeKTax, 
aBJieHHax  h  co6biTHax.  /laa  SesynpeMiioro  cooTBeTCTBHa  CBoeMy  HasHanennio  Taxne 
CHCTeMbi  #OJI)XHbI  y^OBJieTBOpaTb  CJie^yiOmHM  OCHOBHbIM  Tpe6oBaHHHM, 
c^opMyjiHpOBaHHbiM  c  yneTOM  neTBepTbBexoBoro  OTenecTBeHHoro  h  3apy6e>KHoro 
onbiTa  3133  H3  xocMoca: 


IO-Khchko 


1)  odecneneHne  rjio6ajitHoro  o63opa  noBepxHOCTH  cyiim  h  Mhpoboto 
OKeaHa; 

2)  oSecneHCHne  30H,n;Hp0BaHHa  3eMJiH  bo  Bcex  bo3mo)Khbix  ^wanaaoHax 
ajieKTpoMarHHTHoro  cneKTpa  b  bh^hmom,  HK  h  pa/pio-  ,n,Hana30Hax; 

3)  oSecneqeHne  30H^np0BaHHH  3eMJiH  c  MaKCHMajibHbiM  np o CTp aHCTBeHHbiM 
pa3pemeHHeM  He  xyace  1m; 

4)  oSecneneHne  B03M0acH0CTH  nojiyneHHa  KOMimeKCiiOH  (bo  Bcex  ,n,Hana30Hax 
cneKTpa)  HHc|)opMaij(HH  Ha  jho6oh  pawoH  3eMHOH  noBepxnocTH; 

5)  oSecneneHHe  bo3MO>khocth  KBa3HHenpepbiBHoro  Ha6jno,n;eHHa  jiioSoto 
ynacTKa  mccthocth  b  jno6oe ’BpeM.a  cyTOK  npH  jno6bix  noro^Hbix  ycjiOBHax; 

6)  oGecneneHHe  bo3\io>khocth  ^ocTaBKH  HH(|)OpMau,HH  nojib30BaTejno  npaKTH- 
necKH  b  peajibHOM  wacuiTaGe  BpeMeHH. 

ripn  BCeM  3TOM  OHeBHAHblM  aBJiaeTCH  5KeJiaHHe  MaKCHMaJIbHO  BO3MOXCHO0 
MHHHMH3annn  3axpaT  Ha  co3^;aHHe  h  Ha^eacHyio  3KcnjiyaTau,HK>  KOCMHnecKOH 
CHcreMbi  ,0,33. 

Hcnojib3yeMbie  b  Hacroamee  BpeMa  OTenecTBeHHbie  h  3apy6eacHbie 
KOCMHHecKHe  cpe/jCTBa  ^3,33  b  toh  hjih  hhoh  CTeneHH  cooTBeTCTByioT  (c  yneTOM 
peajiH30BaHHbix  BoeiiHbix  kocmhhcckhx  nporpaMM)  JiHiiib  nepBbiM  TpeM 
TpeSoBaHHBM.  Meac^y  TeM  pacumpeHHe  Kpyra  pemaeMbix  c  Hcnojib3 ob aHHeM 
KOCMHnecKOH  HH(j)opMau;HH  npo6jieM  (c  yneTOM  3aflan  MOHHTOpHHroBoro  rana  ,  a 
TaKace  Lipe3BbfLi anHoro  xapaKTepa)  sacTacjiaeT  HCKaTb  nyra  He  TOJibKO  ooeeneneHiia 
6ojiee  nojiHoro  cootbctcbhh  B03MoacHOCTeii  KOCMHnecKHX  chctcm  ^3,33  nepBbiM  TpeM 
TpeSoBaHHHM,  ho  h  y^OBJieTBopeHHa  BceM  ocTaabHbiM.  OfliiaKO,  HenoMepHO  BbicoKaa 
CTOHMocTb  TpaAHHHOHHO  xaacejibix  KA  THna“Landsat” ,  “Spot”,  “Pecypc-ZJK”  h  ,n,p. 
He  no3BOJiaeT  ocynj,ecTBHTb  pa3BepTbmaHHe  HeoSxo^HMbix  cnyTHHKOBbix 
rpynnHpOBOK.  BbixoA  H3  co3,a;aBiiieroca  nojioaceHHa  oqeBHAeH  -  nepexo#  ot  KA 
Taacenoro  KJiacca  k  MajibiM  kocmhhcckhm  annapaTaw  (MKA)  h  pa3BepTbiBaHHe 
cpaBHHTenbHO  He,a,oporoH  KOCMHnecKOH  CHCTeMbi  MKA  ^333,  o6ecnenHBaK)m;eH  b 
TOH  HJIH  HHOH  Mepe  (b  3aBHCHMOCTH  OT  KOJIHHCTBa  MKA  B  CHCTeMe)  BbinOJIHeHHe 
ccJ)opMyjiHpoBaHHbix  Bbiuie  apex  nocjieflHHX  TpeSoBaHHH  k  (jjaKTHnecKH  “HAeajibHOH” 
KOCMHnecKOH  CHCTeMe  ,1(33. 

Chctcm  a  MKA  R33  He  tojibko  6y^eT  o'raeqaTb  BceMy  KOMnjieKcy 
c^opMyjiHpOBaHHbix  TpeSoBaHHH,  ho  Taxace  cos^acT  npe^nocbuiKH  k  CHHaceHHio 
ce6 ecTO hmo cth  xocMHqecKHx  /taHHbix  h  k  bo3mo>khocth  nocTeneHHoro  nepexo^a  ot 
3HTp aTHbIX  KOCMHHeCKHX  KO M nJICKCOB  J\33  K  npHSbIJIbHbIM,  HTO  HOflTBCpaC/iaefCa 
MHOTOHHCJieHHblMH  3KCXiepTHbIMH  np0TH03aMH  BJIHaTCJIbHblX  Ha  MHpOBOM  pbIHKe 
HH(j)opMaHHOHHOH  npo^yKHHH  h  ycayr  b  o6jiacTH  ^3,33  KOMnaHHH.  KpoMe  ototo, 
CHCTeMa  MKA  ^33  Sy^eT  oSiia^aTb  pa^OM  /tocTaTOHHO  oqeBHAHbix  KaqecTB, 
OTCyTCTByiOUtHX  B  COBpeMCHHblX  KOCMHHeCKHX  Cpe,ZICTBaX  /333,  TaKHX  B  qaCTHOCTH 
Kan: 

1)  thSkoctb  -  nocKOJibKy  mh oro  q  h cjichh bi e  cjiymotHH,  BbinojiHaeMbie  b 
HacToautee  BpeMa  MHoropejieBbiMH  KA,  moxcho  6yn;eT  pa3,n;eJiHTb  Meac,o;y 
HeCKOJIbKHMH  CnyTHHKaMH,  HTO  HC  npeflCTaBHT  npoSjieMbl  H3-3a  HX  CpaBHHTeJIbHO 

HeSojibmoH  ctohmocth; 

2)  HaAOKHocTb  -  rioTepa  o^hoto  cnyTHHKa  ,HJia  6onbuiOH  op6HTajibHOH 
rpynnHpoBKH  He  npHBe,n,eT  k  cyutecTBeHHOMy  CHHaceHHio  ee  3tj)({)eKTHBHOCTH  Hi  K 
TOMy  ace,  MoaceT  6biTb  Sbicapo  BOcnojmeHa; 

3)  Sojlbiuaa  BOCIipHHMqHBOCTb  K  HOBbFM  TeXHHHeCKHM  H  TeXH O JIOTHHeCKH M 
flocraaceHHaM  -  HOBbie  KA  SyayT  co3flaBaTbca  h  3anycKaTbca  name,  qeM  b 


IO.Khchko 


Hacxoaipee  BpeMa  h,  caepoBaxeabHO,  paa  BHeppenna  HOBbix  pa3pa6oxoK 
OTKpoioTca  6ojiee  SaaronpnaxHbie  bosmo>khocth; 

4)  cepHHHoe  npon3BopcxBO  -  nepexop  ot  co3paHna  epnHnaHbix  Sojibuinx  KA 
K  CepHHHOMy  npOH3BOpCXBy  yHH^HIJHpOBaHHblX  H3peaHH  n03B0aHX  CHaXb 
MHoncecTBO  xexHoaornaecKnx  npoSjieM  n  yMeHbinnxb  nx  ctohmoctb  ; 

5)  B03M0>KH0CXb  HIHpOKOrO  IipHBJieqeHHH  BHe6lOAJKeTHbIX  HCTOMHHKOB 
(J)HHaHCHpoBaHHa; 

6)  rapaHTupoBaHHOCTb  BbinoaneHna  3aaBOK. 

Pa3pa6oTKa  h  pasBepxbiBanne  cncxeMbi  MKA  J\33  OTKpbiBaeT  nrapOKne 
B03MoacHOCTH  paa  MeacpyuapopHoro  coxpypHnaecxBa  .  HanpHMep  b  njiaHe  : 

1)  opraHH3au;HH  uinpOKon  Koonepapnn  c  3apy6eacHbiMH  napxnepaMH  no 
HCn0JIb30BaHHI0  MHpOBbIX  pnaepCKHX  H  Tejl  6KO  M  M  >’H  HK  aiJHOH  H  bl  X  Cexefi  flJIK 
pacnpocTpaHeHna  KH  BbicoKoro  npocTpaHCTBeHHoro  paspemeHna; 

2)  co3paHna  coBMecTHbrx  npepnpnaxnn  paa  o6pa6oxKn  n  p acnp o exp aH eH n a 
(BHeppeHna)  HHcJjopMapnoHHbix  npopyKXOB  n  yenyr; 

3)  opneHxapnn  na  ncnoabSOBaHne  ayarnnx  MnpoBbix  pocxnaceHnn  b 
o6aacxn  cospaiwa  annapaxno-nporpaMMHbix  cpepcxE  w  nepepoBbix  xexHoaornn 
rJiySoKon  Mea<oxpacaeBOH  o6pa6oxKH  KH  n  apanxapnio  HanSoaee  aijifjieKxnBHbix 
nporpaMMHbix  cpepcxB  k  pocchhckhm  ocoSeHHoexaM  c  yaacxneM  <JwpM-pa3pa- 
Goxhhkob  3xhx  npoi'paMMHbix  npopyKXOB; 

4)  npnBJieneHHH  3apy6eacMbix  HHBecxnpnH  Ha  caMbix  pa3anaHbix  (ho 
HenpeMeHHO  BsanMOBbiro^nbix)  ycaoBiiax. 

Bo3MoaceH  h  6oaee  papnKaabHbin  BapnaHX  Me>KpyiiapopHoro  coxpypHnaecxBa 
—  coBMecxHaa  pa3pa6oxica  h  co3paHne  MeacpyHapopHon  cncxeMbi  MKA  ,11,33.  Tanaa 
CHCxeMa  Moraa  6bi  oGecneanxb  peuienne  rao6aabHbix  3apaa,  b  aaexHoexn 
SKoaornaecKoro  HanpaBJieHHa. 

BapnaHx  cncxeMbi  MKA  ,Z3,33  “MHHHMaabHO  paayMHon  KOH(|)HrypaHHH”(no 
HameMy  mhchhio)  —  axo  CHexeraa  H3  pacnoaoaceHHbix  b  naocKocxn  OKoaoKpyroBon 
cojiHenHO-CHHXpOHHOH  opBnxbi  uiecxH  MKA,  oSecnenHBaioipaa  pexaabHoe 
HaSaiopeHne  aio6oro  panoHa  3eMHoii  noBepxHocxn  opnH  pa3  b  cyxKH.  CpepHaa 
Bbicoxa  op6nxbi  KOCMnnecKHx  annapaxoB  xanon  cncxeMbi  poaaoia  6bixb  nopapxa  620 
km.  CyxoHHaa  nepnopnaHoexb  HaSaiopeHna  Ha3eMHbix  o6x>eKXOB  pocxnraexca  c 
Hcnoab30BaHHeM  MaHeBpoB  pa3BOpoxa  MKA  no  KpeHy  Ha  yron  p o  ±32°.  CxeMKa  b 
BHflHMOM  pHana30He  cneKxpa  aaeKxpoMamnxHbix  KoaeGaHnii  B03Moaoia  an6o  Ha 
Bocxopaipen,  an6o  Ha  Hncxopaipen  aacxn  BHXKa,  b  papnopnana30He  —  Ha  BceM 
BHXKe.  Hpn  Hcnoab30BaHHH  b  KanecxBe  6opxoBon  annapaxypbi  fl,33  onxmeo- 
aaeKxpoHHofi  KaMepbi  xnna  “Monnxop”  bo3mo>kho  noayaeHne  MHoro3OHaabHO0 
HinjjopManHH  b  bhphmom  pnana30ne  cneKxpa  c  pa3pemenneM  nopapKa  3m. 

YMeHbuieHHe  HHxepBaaa  nepnopnanocxn  Ha6jnopeiiHa  Ha3eMiibix  o6xeKxoB 
bo3mo5kho  xoabKo  nyxeM  yBeanaeHna  KoanaecxBa  MKA  b  cncxeMe.  TaK  paa 
pocxnaceHna  noaxn  HpeaabMoro  cayaaa  HaGaiopeHna  aio6oro  oGBeKxa  Kaacpbie 
noaxopa  Baca  cocxaB  cncxeMbi  HeoGxopnMO  pacinnpHXb  po  pesaHocxo  inecxn 
KOCMnaecKHx  annapaxoB  c  pa3ananon  KOMnaeKxapnen  6opxoBon  annapaxypbi, 
oSecneaHBaioipeH  30Hpnp0BaHHe  na  ocBeipeHHofl  h  HeocBeipeHHon  cxopoHe  3eMHon 
noBepxHocxH. 

KocMnaecKaa  HH^opMapna,  noayaaeMaa  c  noMOipbio  annapaxypbi  R 33 
cncxeMbi  MKA,  no3Boanx  coBepmnxb  KaaecxBeHHbin  CKaaeK  b  HH(|)opMaxH3au[Hn 
cxpaHbi,  axo  BbixeKaex  H3  caepyiomero. 


lO.KneHKo 


1.  rioTeHUHajitHtie  bo3mojkhocxh  .naHHtix  ,£(33  b  reoHH(f)opMaHHOHHbix 
cHCTeMax  b  nojiHofi  Mepe  6ypyx  peajiH30BaHbi  Jinuib  b  cjiynae  bo3mo>khocth  hx 
oSHOBJieHHa  h  ponojiHeHHa  Ha  peryjiapHOH  ocHOBe,  nxo  c  noMOiijbio  xonbKO 
cyipecxByioiUHX  h  pa3pa6axbiBaeMbix  KOCMHnecKHx  chcxcm  R33  3axpyAHHxejibHO. 
Kapxorpa^HHecKwe  hcxohhhkh,  nHxaiomne  HH^opMapneH  THC,  Tpe6yiox 
nocxoaHHoro  oGHOBJieHHa  c-bohx  6a3  ^aHHbix.  HHtjiopMapHOHHbie  hcxohhhkh 
3xhx  6a3  aaHHbix,  conpaaceHHbie  c  npocxpaHCXBeHHbiMH  x ap aKxep h cxhk aM h ,  b 
cbok)  oaepezib,  nnxaroxca  h  nopsepacHBaioxca  b  6ojibineH  naexH  ^amibiMH 
flucxaHHHOHHoro  30H^Hp0BaHHB  3eMJiH.  B o 3 m o xch o cxb  peryjiapHoro  nojiyneHHa 
MaxepHanoB  ^33  b  Heo6xoflHMbix  o6x>eMax  h  xpe6yeMoro  KanecxBa  H3 
npe^JiaraeMbix  k  pa3pa6oxKe  KOCMHnecKHX  cncxeM  £(33  o6ecnenHBaex  xojibKO 
CHexeMa  MKA. 

2.  3Kcnjiyaxapwa  cncxeMbi  MKA  c  annapaxypon  £(33  iio3bojimx  b  nojiHofi 
Mepe  peajiH30Baxb,  bo3mo>kho,  caMoe  Baamoe,  “pbiHKoo6pa3yiomee  ’  xpeSoBaHHe 
nonb30Baxejiefi  -  HapeavHOCTb  (rapanxHio)  BbinojmeHHa  3aKa3a  Ha  cxeMKy,  hxo  c 
noMOuibio  xonbKO  mxaxHbix  h  nepcneKXHBHbix  kocmhhcckhx  cpe^cxB  £(33  (xnna 
“Pecypc-£(K”)  hcbo3MO>kho.  VL^eajihiihm  BapHaHX  (JtyHKijHOHHpOBaHHa  xaKOH 
cncxeMbi  -  B03M0XH0CXB  Ha6jiiofleHHH  jiioSoro  o6i.eKxa  b  jiio6oe  BpeMa.  3xoh 
cnoco6HOCXbio  He  o6ita^aex  hh  cyma  H3  cymecTByioiipix  hjih  npoeicn-ipyeMbix 
KOCMHHeCKHX  cncxeM  /I,33. 

3.  £(jia  Hcn0Jib30BaHHB  MaxepnajiOB  KOCMHnecKOH  cxeMKH  npH  pemeHHH 
3ap;aH  MOHMXopMHra  h  npeflynpeacppHHa  o  npe3BbinaHHbix  CHxyapnax 
KpwxHHecKHM  napaMexpoM  aBJiaexca  nepHO^HHHoexb  cbcmkh.  Ho  axoMy 
KpMTepHio  CHexeMa  MKA  He  HMeex  aHanoroB,  o6ecnenHBaa  npaKXHnecKH 
nOCXOHHHblH  003 Op  npOHSBOJIbHOrO  paHOHa  3eMHOH  nOBepXHOCXH. 

4.  KocMHHecKne  chhmkh  oSecnenHBaiox  co3,n;aHHe  o6T>eKXHBHOH  oeHOBbr  ypia 
KOJIH H eC'XB eH H  O  H  H  KaHeCXBeHHOH  OHeHKH  B3aHMO,a;eHCXBHH  H  B3aHMOBJIHaHHH 
cymecxByiomHX  npnpoflHbix  h  couHajibHO-npoH3BO£cxBeHHbix  cxpyKxyp,  cxeneHH 
h  HanpaBJieHHocxH  hx  H3MeHeHHH,  npoHCXo,namHX  b  pe3yjibxaxe  axnx  B3aHMOox- 
HOHieHHH,  HMeionpix  pecypcHO-xo3flHCXBeHHbiH  xapaKxep.  CymecxByiomHe  b 
Hacxoamee  BpeMa  cbeMOHHbie  CHCxeMbi  no3BOjiaiox  nojiynaxb  KOCMHnecKHe  chhmkh  c 
pa3peuieHHeM,  oSecnenHBaioinHM  B03M0>KH0CXb  hx  Hcnojib30BaHHa  npn: 

-  H3yneHHH  h  KapxorpaijiHpoBaHHH  anxponoreHHbix  (b  x.h.  xexHoreHHbix)  h 
npnpoflHbix  npopeccoB  h  abjichkh,  Bbi3biBaiomHX  HapymeHHe  h  3arpa3HeHHe 
oKpyacaioinen  cpep,bi; 

-  onpeAejieHHH  hx  cJjopMbi  h  bhaob  B03fleHCXBHa  Ha  ORpyacaiomyK)  cpepy 

(b  OCHOBHOM  no  HHpHKaUHOHHbIM  npH3HaKaM); 

-  BbIHBJieHHH  (Ha  JIOKaJIbHOM  H  MeCXHOM  ypOBHBX)  oSBeKXOB  B03,fl;eHCXBHa  H 
ero  pe3ynbxaxoB  (kbk  no  npaMbiM,  xaK  h  no  KOCBeHHbiM  hhh  HHflHKauHOHHbiM 
np  H3  H  aK  aM) . 

PlH<J)opMapHa  £(33  c  cncxeMbi  MKA  noBbicnx  noimoxy  pemeHHa  9KOJiorH- 
necKHX  3a,n,aH,  BnepBbie  no3BOJiHB  ocymecxBJiaxb  3KOJiorHnecKHH  MOHHXopHHr  b 
nojiHOM  CMbicne  cnoBa. 

5.  nOCXOBHHblH  H  Hafle>KHbIH  KOHXpOJIb  npH6pe>KHOH  200-MHJIbHOH 
HcKJiiOHHxejibHOH  SKOHOMHHecKOH  30Hbi  (H33)  aBJiaexca  OAHHM  H3 
cocxaBJiaioinHX  xpe6oBaHHH  no  HapHOHajibHOH  6e3onacHOcxn  p,Jia  Bcex  cxpaH, 
HMeioipHx  MopcKHe  rpaHHUbi.  3ap,anH  xaKoro  KOHipojia  b  Hacxoamee  BpeMa 
peuiaioxca  KpaHHe  HeaijxJieKXHBHO.  3apy6e>KHbiH  h  oxenecxBeHHbiH  onbix,  a 
xaKace  pe3yjibxaxbi  cneiinajibHbix  HCCjiepoBaHHH  03H 03 h anH o  noKasbmaiox,  nxo 


K).KneHKO 


3aAa*iH  3(j)(j)eKTHBHoro  KOHXpojia  H33  Pocchh  MoryT  6bixb  ycneuiHO  pemeHbi 
XOJIbKO  COBMeCTHbIM  HCn0JIb30BaHMeM  MOpCKMX,  Ha3eMHbIX,  B03flyHIHbIX  H 
KocMHqecKHX  cpeAcxB.  B  sxom  cMbicne  cncxeMa  MKA  aBJiaexc a  ejm n ctb en h  o  h 
KOCMH^ecKOH  cncxeMofl  fl33,  OTBeqaiouieH  ochobhhm  Tpe6oBaHwaM: 

HenpepbiBHOCTb,  KpyrjiocyxoHHoexb,  BeenoroAHoexb  Ha6jno,n;eHHa  npn  bmcokom 
npocrpaHCTBeHHOM  pa3pemeHHH. 

6.  AspocteMKa  HMeex  onpe^ejieHHbie  npeHMymecxBa  nepeA  kocmocbcmkoh  b 
nacTH  Gojibrneii  xh6kocxh  pearnpOBaHHa  Ha  H3MeneHHe  m  eTeo  y  cjiob  h  h  hjih 
yAOBJiexBOpeHHa  cpoHHbix  3aKa30B  h  paA  flpyrHX.  OfluaKO  b  cjiynae  cncxeMbi  MKA 
nojioaceHHe  o6paxnoe  —  KOCMHnecKHe  cpe^CTBa  1 1,33  oica3biBaioxcn  6ojiee 
cnoco6HbiMH  6bicTpo  pearnpoBaxt  Ha  H3MeHeHHe  MexeoycjioBHH  hjih  BbinojiHHTb 
cpoqHbifi  3aKa3  Ha  cbeMKy  3a  cnex  nenpepbiBHOCTH  o630pa. 

7.  Mo>kho  o>KHAaTb  cymecTBCHHoro  pacniHpeHHa  BHyTpeHHero  pbiHKa 
kocmhicckoh  HHcjjopMapHH  3a  ciieT  yBejTHieHHa  ero  Smkocth,  KOTopoe  peanbHO 
no  caeflyioipHM  npHHHHaM  : 

-  yBejiHneHHe  KOJiHnecTBa  noTpe6jiaeMoro  npOAyxxa  xpaAHAHOHHbiMH 
noipe6HTejiaMH; 

-  noaBJieHHe  hobbix  nojib30BaxejieH,  o6ycjiOBJieHHoe  yHHKajibHOCTbio 
nojiynaeMOH  HH^opMatpiH; 

-  noaBJieHHe  HOBoro  KanecxBa  pa3BHTHa  oxenecxBeHHbix  TOC  —  nepexoA  b 
nepcneKTHBe  k  nojmofi  HHxerpau,HH  c  CHCTeMaMH  ^33,  b  xanecxBe  Koxopbix  CHCxeMa 
MKA  hc  6yn;ex  HMexb  KOHKypeHXOB . 

8.  B  Hacxoatpee  BpeMa  Ha  mhpobom  pbtHKe  MaxepHajiOB  KOCMHnecKHX 
H3o6pa^iceHHH  BbicoKoro  npocrpaHCXBeHHoro  pa3peuieHHa  nponcxoAax 
H3MeHeHHa,  Hocamne  np  h  h  hh  n  h  a  Jib  h  bi  h  ,  xanecxBeHHbiH  xapaxxep,  3aKJiio>jafo- 
IHHHCa  B  pe3KOM  nOBbimeHHH  KOHKypeHXHOH  6opb6bI,  B03HHKH0BeHHH  MHOHCeCXBa 
HenpaBHxejibcxBeHHbix  <JmpM  h  opranH3 aiiHH ,  pa3pa6axbiBaioHj,Hx  HOBbie  KA  a®J 
nojiyneHHa  H3o6paxeHHH  Bbicoxoro  npocxpancxBeHHoro  pa3peuieHHa. 
CooxBexcxBeHHO  ycxaHaBJWBaioxca  HOBbie  cxpaxernnecxHe  napxHepcxBa  ajih 
nojiyneHHa  h  o6pa6oxKH  AaHHbix  c  AoSaBJieHHeM  cxohmocxh,  hx  pacnpocxpaHeHHa 
h  c6bixa.  CncxeMa  33  c  MKA  b  Hacxoamee  BpeMa  npeACxaBJiaexca 
npaKXHnecKH  eAHiicxBeHHOH  nepcneKXHBHOH  oxenecxBeHHOH  pa3pa6oxKoft, 
cnocoSnoH  oxa3axb  peajibHoe  BJinaime  Ha  <J)opMHpOBanHe  mhpoboxo  pbmxa 
MaxepHajiOB  KOCMHieCKHX  H3o6paxeHHH. 
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Role  and  place  of  small  spacecrafts  (SS)  for  Earth  remote  sensing  (ERS)  in  part  of 
informational  provision  for  social-economic  and  international  collaboration  tasks 

solution 

Yu.  Kienko,  E.  Lukashevich  and  Y.Gorelov 
State  Center  “Priroga” 

Russia,  105264,  Moscow,  Verkhnyaya  Pervomayskaya  str.,  4b 

Fax:  164-49-07 

Abstract 


Needs  for  space  information  increase  rapidly;  they  gradually  approach  to 
the  level  which  can  be  determined  in  following  way:  “The  volume  of  information 
never  can  be  too  high  and.  it  should  be  collected  as  soon  as  possible” . 

Practice  shows  great  potential  opportunities  for  Earth  remote  sensing 
(ERS)  applications  in  solution  of  broad  list  of  tasks  (practically  at  all  economic 
and  social  areas).  Elowever  the  real  area  of  space  information  applications  is  a 
small  part  of  potential  area.  The  main  reason  of  this  is  that  existing  and 
developed  ERS  space  systems  are  too  far  from  the  ideal  system  meeting  all  users 
requirements.  In  this  sense,  emergency  of  small  spacecrafts  (equipped  by  ERS 
sensors  with  high  spatial  resolution  and  integrated  into  the  system)  opens  the 
opportunity  of  transition  from  “smaller”  to  “greater”  and  even  to  “very  greate” 
degree  of  approaching  ERS  system  to  ideal  state. 

Small  spacecrafts  (SS)  system  now  is  practically  the  single  home 
development  which  can  be  a  real  competitor  to  another  systems  at  the  world 
market  of  information  products  and  services  at  the  ERS  area.  It  will  play  the 
important  role  in  the  provision  of  information  support  of  country. 

Reduction  of  prime  cost  of  obtained  space  data  creates  preconditions  for 
attracting  non-governmental  funding  sources  for  the  project. 


Role  and  place  of  ERS  small  spacecrafts  system 

Space  systems  for  Earth  remote  sensing  (ERS)  are  typical  information 
systems:  they  are  intended  for  providing  social-economic  branches  and 
governments  by  data  about  natural  and  technogenic  objects,  phenomena  and 
events.  For  the  purpose  of  irreproachable  accordance  to  their  assigment  such 
systems  should  meet  following  main  requirements,  based  on  the  home  and 
foreign  experience  of  space  ERS  during  a  quarter  of  century: 

1)  provision  of  global  coverage  for  land  and  ocean  surfaces; 

2)  provision  of  ERS  at  all  possible  ranges  of  electromagnetic  radiation 
spectrum  including  visible  and  IR  bands  and  radio  frequencies; 
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3)  provision  of  ERS  with  maximum  spatial  resolution  not  worse  than  1 

m; 

4)  provision  of  collecting  complex  (at  all  spectral  bands)  information  for 
any  area  of  Earth  surface; 

5)  provision  of  quasi-continuous  observations  for  any  area  at  any  time  of 
day  and  night  at  any  weather  conditions; 

6)  provision  of  near  real-time  data  delivery  to  user. 

At  all  these  conditions  there  is  the  evident  desire  for  maximum  possible 
reduction  of  costs  for  development  and  reliable  operation  of  ERS  space  system. 

Home  and  foreign  space  tools  for  ERS  used  now  to  some  degree  meet 
(taking  into  account  realized  military  space  programs)  only  three  first 
requirements.  Meantime  growing  list  of  tasks  to  be  solved  (  including 
environmental  and  disaster  monitoring)  compels  to  seek  ways  not  only  for 
provision  of  more  full  correspondence  of  ERS  space  systems  with  three  first 
requirements,  but  for  correspondence  with  all  another,  too.  However,  the 
excessively  high  cost  of  traditionally  heavy  (large)  “Landsat”,  “SPOT”, 
“Resource-DK”  and  other  spacecrafts  doesn't  allow  to  carry  out  deployment  of 
neccessary  satellite  constellations.  The  way  out  of  the  situation  is  evident  - 
transition  from  large  spacecrafts  to  small  ones  and  deployment  of  comparatively 
inexpensive  ERS  SS  space  system  providing  to  some  degree  (depending  on 
amount  of  SS  in  the  system)  meeting  of  above  formulated  three  last  requirements 
for  really  “ideal”  ERS  space  system. 

The  ERS  SS  system  will  not  only  meet  all  list  of  above  formulated 
requirements,  but  it  also  will  create  the  preconditions  for  reduction  of  space  data 
prime  cost  and  for  possibility  of  gradual  transition  from  expensive  ERS  systems 
to  profitable  ones;  this  fact  is  confirmed  by  numerous  expert  forecasts  of 
companies  having  the  influence  at  the  world  market  of  information  products 
and  services  in  ERS  area.  Additionally,  ERS  SS  system  will  have  a  number  of 
sufficiently  evident  features,  which  don't  have  modern  ERS  space  systems. 
Particularly,  these  features  include  following: 

1)  flexibility  -  so  far  as  numerous  functions  carried  out  now  by 
multipurpose  spacecrafts  can  be  divided  between  few  satellites;  this  will  not  be  a 
problem  because  of  their  comparatively  low  cost; 

2)  reliability  -  a  lost  of  one  satellite  for  large  spacecraft  constellation  will 
not  lead  to  significant  reduction  of  its  effectivity,  and,  besides,  can  de  filled 
quickly; 

3)  strong  sensitivity  to  new  technical  and  technological  achievements  - 
new  spacecrafts  will  be  developed  and  launched  more  often  than  now,  and 
therefore,  more  favourable  opportunities  for  introduction  of  new  developments 
will  be  opened; 
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4)  serial  production  -  transition  from  development  of  single  large 
spacecrafts  to  serial  production  of  unificated  hardware  will  allow  to  solve  a 
number  of  technological  challenges  and  to  reduce  the  cost  of  products; 

5)  possibility  of  broad  attraction  for  non-budgetary  sources  of  funding; 

6)  guarantee  for  filling  of  requests. 

Development  and  deployment  of  ERS  SS  system  open  wide  opportunities 
for  international  cooperation.  For  example  for: 

1)  organization  of  wide  cooperation  with  foreign  partners  on  using  of 
world  dealers  and  telecommunications  networks  for  distribution  of  high  spatial 
resolution  space  data; 

2)  creation  of  joint  ventures  for  processing  and  distribution  (introduction) 
of  information  products  and  services; 

3)  orientation  for  using  best  world  achievements  at  hardware  and 
software  development  and  at  advanced  technologies  for  profound  inter-branch 
processing  of  space  data  and  also  for  adaptation  of  most  effective  software  for 
“Russian  peculiarities”  with  participation  of  companies  -developers; 

4)  attraction  of  foreign  investments  at  different  (but  certainly  mutually 
beneficial)  conditions. 

There  is  a  possibility  for  more  radical  version  of  international 
colloboration  -  joint  development  and  creation  of  international  ERS  SS  system. 
Such  system  could  provide  solution  of  global  tasks,  particularly,  the  ecological 
ones. 

One  ERS  SS  system  version  with  “minimally  reasonable  configuration” 
(by  our  opinion)  is  the  system  of  six  SS  settled  at  the  plain  of  near-cirlular  sun  - 
synchronous  orbit;  this  system  provides  detailed  observations  for  any  area  of 
Earth  surface  one  time  of  day  and  night.  The  average  on-orbit  altitude  for 
spacecrafts  of  such  system  should  be  about  620  km.  The  daily  periodicity  for 
ground  objects  observations  is  achieved  by  SS  bank  maneuvres  at  the  angle  up 
to  ±32°.  Observations  at  visible  range  of  electromagnetic  oscillations  spectrum 
are  possible  either  at  ascending  or  descending  part  of  the  orbit;  observations  at 
radio  frequencies  range  are  possible  at  the  whole  orbit.  When  “Monitor  type 
opto-electronic  camera  is  used  as  ERS  on  -  board  sensor,  there  is  an  opportunity 
for  multiispectral  data  acquisition  at  visible  range  of  spectrum  with  spatial 
resolution  of  about  3  m. 

Reduced  interval  for  periodicity  of  ground  objects  observations  is 
possible  only  by  increasing  of  SS  number  in  the  system.  So,  for  achieving  of 
“near  ideal”  case  of  any  object  observations  every  hour  and  a  half  the  system 
should  be  expanded  up  to  96  spacecrafts  with  various  on  -  board  sensor  systems 
providing  observations  for  illuminated  and  unilluminated  sides  of  Earth  surface. 

Space  data  obtained  by  ERS  sensors  of  SS  system  will  allow  a  qualitative 
leap  into  informatization  of  country;  this  is  a  consequence  of  following: 
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1.  Potential  opportunies  of  ERS  data  for  geoinformation  systems  will  be 
realized  in  full  measure  only  at  the  case  of  their  updating  and  regular 
completion;  this  is  very  difficult  to  do  only  by  existing  and  developed  ERS 
space  systems.  Cartographic  sources  providing  information  for  GIS  require 
regular  updating  of  their  databases.  Information  sources  for  these  databases 
attended  by  spatial  characteristics  in  its  turn  are  provided  and  supported  mainly 
by  Earth  remote  sensing  data.  Possibility  for  regular  acquisition  of  ERS  data  at 
neccessesary  volumes  and  with  required  quality  is  provided  only  by  SS  system 
(the  single  system  from  proposed  to  development  space  ERS  systems). 

2.  Operation  of  SS  system  with  ERS  sensors  will  allow  in  full  measure  the 
realiazion  of  (perhaps)  most  important  “market-forming”  demand  of  users  -  the 
reliability  (guarantee)  of  carrying  out  the  order  for  survey;  this  is  impossible  only 
by  operational  and  prospective  space  tools  of  ERS  (for  example,  “Resource- 
DK”).  Ideal  version  for  functioning  of  such  system  is  the  possibility  for 
observation  of  any  object  at  any  time.  Neither  existing  nor  developed  ERS  space 
systems  don't  have  this  ability. 

3.  Periodicity  of  observations  is  a  critical  parameter  for  space  data 
applications  in  solution  of  monitoring  and  forewarning  about  extreme  situations 
tasks.  On  this  criterion  SS  system  doesn't  have  analogues;  it  provides  practically 
continuons  survey  of  any  area  of  Earth  surface. 

4.  Space  data  provide  creating  of  objective  basis  for  quantitative  and 
qualitative  assessments  of  interaction  and  mutual  influence  between  the  existing 
natural  and  social  -  industrial  structures,  of  degree  and  trends  of  their  changes 
resulting  from  these  interrelations  of  resources  -  economic  type.  Existing  survey 
systems  allow  to  obtain  the  space  data  with  resolution  providing  their 
applications  at  following  areas: 

-  investigation  and  mapping  of  anthropogenic  (including  technogenic) 
and  natural  processes  and  phenomena  resulting  in  destruction  and  pollution  of 
environment; 

-  determination  of  their  forms  and  types  of  influence  on  environment 
(mainly  by  indications); 

-  detection  (at  local  level)  of  influencing  objects  and  influencing  results 
(as  by  direct  as  by  indirect  signs  or  by  indications). 

ERS  information  from  SS  system  will  increase  completeness  of 
environmental  tasks  solution;  it  (for  the  first  time)  will  allow  to  provide  real 
environmental  monitoring. 

5)  continuous  and  reliable  control  for  coastal  200-mile  Exlusive  economic 
zone  (EEZ)  is  one  of  the  constitutive  requirements  for  national  security  at  all 
countries  having  marine  frontiers.  Tasks  of  such  control  are  solved  now 
extremely  uneffectively.  Foreign  and  home  experience  and  also  results  of  special 
researches  show  that  tasks  of  effective  control  for  Russian  EEZ  can  be 
successfully  solved  only  by  joint  use  of  seaborne,  ground  -  based,  airborne  and 
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spaceborne  tools.  In  this  sense  SS  system  is  the  single  ERS  space  system  meeting 
following  main  requirements:  continuous  observations  at  any  time  of  day  and 
night  at  any  weather  conditions  and  with  high  spatial  resolution. 

6)  air  survey  has  certain  advantages  to  space  survey  -  it  has  more  flexible 
reaction  to  changes  of  weather  conditions  or  to  carrying  out  rush  requests;  it  has 
a  number  of  other  advantages.  However,  in  the  case  of  SS  system  the  situation  is 
opposite  -  ERS  space  tools  are  more  capable  of  reaction  on  weather  conditions 
changes  or  of  carrying  out  rush  requests  for  survey  due  to  continuos 
observations. 

7.  significant  expansion  of  home  market  for  space  data  is  expected  due  to 
increasing  of  its  capacity  which  is  real  because  of  following  reasons: 

-  increase  of  number  for  consumed  product  by  traditional  users; 

-  emergency  of  new  users  caused  by  unique  characteristics  of  obtained 
information; 

-  new  quality  for  home  G1S  development  -  transition  (in  prospects)  to 
complete  integration  GIS  with  ERS  systems;  SS  system  will  not  have 
competitors  in  this  affair. 

8)  there  are  some  changes  at  the  world  market  for  space  high  spatial 
resolution  data  now;  these  changes  are  of  fundamental  and  qualitative  character 
-  sharp  increase  of  competition,  emergency  of  numerous  non-governmental 
companies  and  organizations  developing  new  satellites  for  high  spatial 
resolution  imagery  acquisiton.  Accordingly,  new  strategic  partnerships  are 
established  for  acquisiton  and  value  -  added  data  processing  and  for  their 
distribution  and  sales.  Now,  ERS  SS  system  is  practically  the  single  prospective 
home  developed  system  which  can  have  real  influence  on  forming  of  world  space 
data  market. 
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BbicoKOTOHHaa  KocMM'iecKafl  paflHOMeTpHfl  -  HanpaBjieroia 

cTaH,a,apTH3ai];HH 

Paaxcy  2J,axaa,  Po6epT  CaHaepc,  AabGepx  Happ 
Oxaea  onTfriecKOM  xexHoaorHH,  HHCT, 

TeHTepcSypr,  MapnaeHa  20899,  CIIIA 

BHKTOp  IlpHBaJIbCKHH 
JlaOopaTOpHK  KOCMHHeCKOH  flHHaMHKH 
YHHBepCHTeT  niTaTa  K)Ta,  JloxaH,  K)xa  84323,  CIIIA 

YHHtJmuHpoBaHHaa  xepMHHoaoraa  h  oSiqenpHHaxaa  npaKTMKa 
aHajiH3a  HeonpeaeaeHHOcxn  aOcoaioxHo  Heo6xo#HMa  aaa  npoexxoB 
KOCMHqeCKOH  pa^HOMeXpHH,  BblTTOJIHaeMhlX  BO  BCCM  MHpe,  PJW  oSMeHa 
HayMHbiMH  flaHHbiMH  h  pe3yabxaxaMH.  OOMeH  nayaiibiMH  aaniibiMM  22  3  3  n 
aHajiH3  oaeHb  BaacHbi  b  HacxynauomeM  xbicaaeaexHH  H3-3a  Banamia  Ha 
aKOHOMHKy  Bcex  HaqHH  xaKHX  cJiaKxopoB,  Kax  raoSajibHoe  noxenaeHHe, 
HcxoiqeHHe  03ohoboxo  caoa,  3arpa3HeHHe  ra3aMH  cnyxHoro  caeaa  h 
H3MeHeHHe  KJiHMaxa.  Uporpecc  cnyxHHKOBbix  xexHoaoraH  caeaaa 
aocxyniibiMH  bccm  aanHbie  23,33.  OanaKo,  cymecxByiox  paajiwmn  b 
MHxepnpexamiH  pe3yabxaxoB  H3-3a  HeaocxaxoaHbix  HaaeacHoexH 
aojirocpoBHOH  KajinGpoBKM  h  rapaHXHH  xpeSyeMOH  xohhocth  aaHHbix.  B 
aaHHOH  cxaxbe  aHajiH3Hpyexca  peKOMeHayeMaa  npaKXKKa  BHeceHHH 
eaHHOo6pa3HH  b  xepMHiiojiorHio  h  aHajiH3a  HeonpeaeaeHHoexH.  Mbi 
npeaaaraeM  xaioxe  cxpaxernio  aocxiDKeHHH  xpcSyeMOM  xohhocxh  juih 
onxHBecKHX  aaHHbix  21,33,  Hcnojib30BaHHe  GyaymeH  MKC  b  KaaecxBe 
naaxfJiopMbi  aaa  o6cayacHBaHHH  aeaoBeKOM  cxaHaapxHbix  aaxxMKOB  aaa 
KaaiiOpoBKH  aaxBHKOB  Ha  apyrax  cnyxHHKOBbix  naaxc|)opMax  2133. 


P.  2Jaxaa 


High  Accuracy  Space  Based  Radiometry  -  Strategies  for  Standardization 

Raju  Datla,  Robert  Sanders  and  Albert  Pan- 
Optical  Technology  Division,  NIST,  Gaithersburg,  MD  20899 

and 

Victor  Privalsky 

Space  Dynamics  Laboratory,  Utah  State  University,  Logan,  Utah  84321 

Uniform  terminology  and  common  practices  of  uncertainty  analysis  are 
absolutely  essential  for  space  based  radiometry  projects  around  the  world  to 
exchange  scientific  data  and  exults.  The  need  for  the  exchange  of  remote 
sensing  scientific  data  and  analysis  is  of  great  importance  for  the  coming 
millennium  because  of  the  economic  impact  for  nations  around  the  world 
addressing  issues  of  global  warming,  ozone  depletion,  trace  gas  pollution  and 
climate  change.  The  advancement  of  satellite  technologies  enabled  data 
acquisition  by  space  based  remote  sensing  as  a  common  practice.  However, 
there  have  been  disagreements  in  the  interpretation  of  results  because  of  lack 
of  long-term  calibration  reliability  and  assurance  of  required  degree  of 
accuracy  in  the  data.  In  this  paper,  a  recommended  practice  for  bringing 
uniformity  in  terminology  and  uncertainty  analysis  will  be  reviewed.  Also,  we 
propose  as  a  strategy  to  meet  the  accuracy  goals  for  the  remote  sensing 
optical  data,  the  use  of  the  upcoming  International  Space  Station  (ISS)  for 
providing  a  platform  for  manned  and  maintained  SI  traceable  standaid 
sensors  for  calibration  of  other  remote  sensing  satellite  sensor  platform. 
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CucTfeMa  pacnpe^ejieHEtfl  flanHwx  b  6jih3Kom  k  peajibHOMy  MacniTaSe 
BpeMeHH  mix  6pa3HJibCKoro  cnyTHHKa  ,0,33 

/KaHMO  Koho  h  Xhmhjikoh  jxq  KapiBajTbo 
Bpa3HJIbCKHH  HHCTHTyT  KOCMIPieCKHX  HCCJieAOBaHHH,  HH13E 
Abchio  AcTpoHaBTOB,  1758 
C.  )Ko3e  /i,oc  KaMiioc  -  CFI-i  2227-01 0-EpaanjiHa 

B  CTaTbe  onHCbiBaeTca  CHCTeMa  pacnpeflejieHiM  /xaHHbix,  nojiyaaeMbix 
ot  Bpa3HJibCKoro  cnyTHHKa  ,£1,33  (SSR).  CucTeMa  npezmaaHaaeiia  ajih 
nepenaMH  ziaHHhix  nenocpe^cTBeHHo  k  nojib30BaTeji5iM  b  npe^ejiax 
HecKOJibKHX  nacoB  nepea  Maribie,  AeuieBbie  h  Jienco  oScjiyxcHBaeMbie 
npHeMHbie  cTaHinra. 

CwcTeMa  6a3HpyeTCfl  Ha  oahoh  nempajibHOH  ripKeMHOH  CTaHHHH, 
npHHHMaiomeH  flaHHbie  co  ciiyTHHKa  h  npoH3BOAflmeH  HanajibHyio  hx 
o6pa6oTKy.  rTocne  axoro  H3oGpaxceHHe  b  HyxcHOM  <J)opMaTe  nepe^acTca 
nojib30BaTeji3M  qepex  ciryTHHK  cb«3H  Ha  Majiwe  aHTeHHbi  h  Aajiee  Ha 
nepcoHajibHbie  KOMnbioTepbi  nojibxoBaTejieH.  TaKaa  cxeMa  no3BOAaeT  b 
noTiTH  peajibHOM  MaciirraGe  BpeMeHH  nepeAaxb  raic}jopManHio  Ha  GojibniHe 
npocTpaHCTBa  (KaK  3to  HMeeT  MecTO  b  Epa3H;iHH). 
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1.  Introduction 

Most  of  the  problems  concerning  the  monitoring  of  the  Amazon  region  result  from  the 
lack  of  timely  access  to  either  environmental  or  illegal  activities  surveillance  related 
data  such  as  forest  fires,  river  flooding,  deforestation  and  drug  traffic.  This  situation 
arises  from  the  non-effectiveness  of  traditional  satellite  based  remote  sensing  systems 
(e.g.  LANDSAT,  SPOT,  etc.)  in  that  they  cannot  provide  real  time  imagery  of  the 
Amazon. 

Indeed,  to  obtain  an  image,  the  end-user  must  contact  commercial  agencies,  which  will 
further  contact  mission  and  control  centers  to  schedule  the  image  recording  to  the  next 
pass  of  the  satellite  over  the  concerned  region.  Afterwards,  raw  image  data  will  be 
processed  and  given  to  the  user,  about  3  to  4  months  later.  The  usefulness  of  the 
received  image  will  finally  depend  on  the  cloud  covering  conditions,  which  are 
generally  a  severe  problem  in  the  Amazon  region. 

This  paper  addresses  the  problem  of  providing  users  from  the  remote  sensing  community 
with  a  near  real-time,  low-cost  system  for  the  SSR  images  distribution,  and  presents  the 
analyzed  solutions  along  with  the  chosen  system  architecture. 


2.  Mission  Summary 

The  SSR  is  a  Low  Earth  Orbit  satellite,  placed  in  an  equatorial  (i=0°)  orbit,  at  a  height 
of  about  905  km.  The  on-board  optical  instrument  will  cover  the  equatorial  region, 
from  5°N  to  15°S,  corresponding  to  a  swath  width  of  nearly  2200  km.  This  orbit 
provides  a  revisit  rate  of  less  than  2  hours,  with  up  to  5  useful  image  acquisitions 
during  daylight. 

The  satellite  will  carry  an  optical  instrument,  capable  of  covering  the  specified  swath 
width  of  2200km,  (from  5°N  to  15°S),  corresponding  to  a  total  field-of-view  of  about 
88°,  in  the  bands  listed  in  Table  1  with  the  required  spatial  resolution. 


Table  1  -  SSR  Bands  and  Resolutions 


Bands 

Wavelenght 

Resolution 

B1 

0.440  to  0.505  pm 

100m 

B2 

0.530  to  0.575  pm 

100m 

B3 

0.650  to  0.680  pm 

100m 

B4 

0.845  to  0.885  pm 

100m 

B5 

0.895  to  0.990  pm 

300m 

B6 

3.4  to  4.2  pm 

600m 

3.  Communications  System  Configuration  and  Budgets 

The  idea  of  real  or  at  least  near- real  time  reception  is  at  the  heart  of  this  mission,  as 
explained  in  the  introduction.  To  achieve  this  mission  goal,  direct  transmission  of  images 
to  the  users  is  necessary.  However,  the  choice  of  such  transmission  system  should  be 
guided  by  the  low-cost  and  simplicity  requirements. 

Taking  into  account  a  swath  with  of  2200  km,  100m/600m  ground  resolutions  and 
corresponding  detector  and  pitch  sizes,  we  have,  according  to  Table  3,  a  data  rate  of 
nearly  52  Mbps,  during  the  15min  of  image  acquisition  time  over  Brazilian  territory. 

Table  3  -  Data  Rate  Assessment 


orbit  period 

103,09  min 

ground  resolution 

100  m 

detector  size 

6,50E-06  m 

altitude 

9.05E+05  m 

Focal  length 

5,88E-02  m 

Number  of  Pixels 

18725 

Satellite  Ground  Speed 

7.40E+03  m/s 

Integration  Time 

1,35E-02  s 

Number  of  bands 

6 

Radiometric  resolution 

8  bits/pixel 

Data  Rate 

51,7  Mbps 

The  main  task  of  the  communications  system  of  the  SSR  mission  is  to  make  the  image 
data  available  to  users  within  the  timeframe  of  one  orbital  period,  that  is,  image  acquired 
in  orbit  N  should  be  received  by  the  users  before  the  begining  of  orbit  N+l. 

Two  problems  arise  from  this  requirement: 

•  Of  course,  the  high  data  rate  from  Table  3,  associated  to  limited  on-board 
available  power  for  transmission  and  a  large  coverage  region  (corresponding 
to  90°  optical  Field-of-View)  where  users  may  be  located,  precludes  the  use  of 
small  fixed  Earth  antennas.  (Indeed,  the  large  radio-electric  coverage  area 
limits  the  gain  of  the  on-board  antenna.) 

•  Another  interesting  point  is  that  most  of  potential  users  are  not  located  within 
the  Amazon  region,  but  are  mainly  stablished  in  the  southern  and  more 
developed  part  of  the  country. 


In  that  perspective,  it  seems  that  direct  transmission  from  SSR  satellite  to  end-users  is  to 
be  discarted  by  lack  of  direct  visibility.  Instead,  an  innovative  image  distribution  system 
was  devised,  where  the  image  data  is  received  by  a  central  station  (located  within  the 
SSR  coverage  area)  and  then  retransmitted  to  users  through  a  geo-stationary 
communications  satellite,  as  shown  in  Figure  1 . 


Figure  1.-  SSR/GEO  System  Configuration 

This  system  comprises  three  links: 

1 .  from  SSR  to  Central  Station  (CS), 

2.  from  CS  to  a  GEO  third  party  communications  satellite,  and, 


3.  from  GEO  to  remote  stations 


The  first  link  is  limited  only  by  on-board  power  availability.  Table  4,  below,  shows  that 
for  a  central  receiving  station  with  a  11m  diameter  antenna,  and  5W  of  RF  on-board 
power,  a  link  may  be  established  in  X-band  (8.1  GHz)  with  a  3  dB  margin,  for  end-of- 
visibility  (maximum  range,  3000  km)  conditions  for  the  satellite,  with  positive  (1.7  dB) 
margin. 


Table  4:  SSR  to  Central  Station  Image  Data  Link  Budget  Summary 


Frequency 

Data  Rate 
Required  C/No 
(BER=1.E-6) 

8.1  GHz 
51.7E+6  Bps 

77,13  DB 

83,63  DB 

Transmitter 

Power 

Antenna  Gain 
EIRP 

5,00  W 

7,0  DB 

3.0  DB 

10,0  DBW 

Receiver 

Ant.  Diameter 
G/T 

11  m 

30,00  dB/K 

Losses 

Range 

Free  Space 

Rain  Atten. 

Rx  Depointing 
Total  Losses 

3000,00  Km  (5° 

elevation  angle) 
-180,15  dB 
-0,50  dB 
-0,10  dB 
-180,75  dB 

Results 

K 

C/No 

Margin 

-228,60  dBW/Hz/K 
87,85  dB 

4,2  dB 

The  second  and  third  links,  where  data  broadcast  takes  place,  are  mainly  limited  by  GEO 
transponder  band  (usually  6  MHz)  and  time  for  data  transmission  (less  than  1  orbital 
period).  The  huge  amount  of  data,  received  by  the  SSR  during  its  imaging  period  (which 
lasts  about  15  minutes)  must  now  be  downloaded  to  users,  during  the  rest  of  the  orbit,  at  a 
rate  limited  by  the  transponder  bandwidth.  This  limitation  will  be  managed  by 
introducing  data  compression  as  it  is  detailed  in  the  next  paragraph. 

Table  5  shows  data  corresponding  to  such  a  link,  for  the  hypothetical  case  of  a  6m 
diameter  transmitter  antenna  and  a  standard  2.4m  C-band  TV  receiving  antenna  at  the 
remote  stations.  The  data  was  taken  from  the  Brazilsat  B  series  communications  satellite 
manual. 


A  BER=1.0E-6  link  can  be  established  between  the  Central  and  Remote  stations,  for  a 
6.0  MHz  bandwith,  considering  a  1:1.7  lossless  compression  of  image  data  at  Central 
Station  prior  to  broadcasting.  In  this  case,  the  period  of  time  between  two  successive 
passes  of  the  satellite  is  used  for  the  broadcast  transmission,  in  a  lower  rate  than  it  was 
received  from  the  SSR  satellite,  with  a  retransmition  time  margin  of  approximately  10 
minutes,  as  it  is  shown  in  Table  5. 

Table  5:  Data  Broadcast 


Orbital  Period 
Data  Rate  (+10%  margin) 
Visibility  Time 
Compression  Rate 
Compressed  Data  Rate 
Available  band  on  GEO 
FEC 

QPSK  Modulation 
Efficiency 
Max.  Transm.  Rate 
Retransmission  time 
Time  Margin  


103,09  Min 
56,1  Mbps 
15,0  min 
1,7 

32,99  Mbps 
6,0  MHz 
2/3 

1,6  Bit/Hz 

6,4  Mbps 
77,3  Min 
10,78  Min 


4.  System  Architecture  and  Operation 

Figure  2  shows  the  operational  concept  of  the  system,  which  involves  a  TMTC  station,  a 
data  receiving  and  a  transmitting  station,  2  satellites  (SSR  and  GEO)  and  a  number  o 
user-owned  receiving  stations. 

The  images  acquired  by  SSR  will  be  downlinked  to  the  Central  Receiving  Station  in 
Cuiaba  preprocessed  and  formatted  to  be  broadcast  to  end  users  through  the  GEO 
satellite.  The  Control  Center  (in  S.  Jose  dos  Campos)  is  rsponsible  for  all  satellite  control 
activities  and  the  Mission  Center  (in  Cachoeira  Paulista)  is  the  focal  pomt  for  users 

requests. 

The  link  to  a  Central  Station  allows  for  some  data  processing  prior  to  broadcasting, 
transmitting  in  this  case  more  robust  data  to  users.  Also,  traditional  TVRO  data 
encryption  schemes,  could  be  used  for  data  protection  or  commercial  use  (if  the  end-user 
receiver  has  this  capability). 

Indeed,  this  architecture  allied  to  a  suitable  data  format  for  image  transmission  (like 
MPEG  already  used  in  TVRO  broadcasts)  provides  extreme  flexibility,  m  that  not  only 
image  data  can  be  conveyed  through  the  link,  but  also  messages,  other  kinds  of  data  (such 
as  low  resolution  meteorological  images),  alerts,  and  software  (e.g.,  updates  for  the 
image  processing  software  that  is  used  by  the  receiver  station). 


Besides  that,  the  use  of  off-the  shelf  technology  will  lower  the  price  of  the  receivers 
while  maintaining  a  good  degree  of  reliability  and  simplicity. 


Figure  2:  SSR  System  Elements 


From  the  reliability  point  of  view,  the  second  link  (GEO)  does  not  seem  to  greatly 
increase  the  system  complexity,  since  the  broadcasting  service  may  be  routed  through 
different  transponders  or  even  satellites  in  case  of  malfunctions. 


6.  Conclusions 

Short-term  monitoring  and  planning  regarding  rapidly  evolving  environments,  such  as  the 
Amazon  rain  forest,  constitute  a  challenge  due  to  the  lack  of  available  high  temporal  and 
spatial  resolution  images  of  those  regions.  Indeed,  while  traditional  providers 
(LANDSAT,  SPOT,  etc.)  acquire  global  data  on  a  monthly  basis,  cloud  covering 
precludes  the  exploitation  of  more  than  two  or  three  images  per  year,  or  even  less. 

The  new  data  distribution  system  envisaged  for  the  SSR  mission  attacks  the  core  of  this 
problem  by  providing  end-users  with  a  reliable,  near-real  time  reception  of  robust,  pre- 
processed  image  data. 

The  SSR  satellite,  scheduled  to  be  launched  in  late  2001  will  constitute  an  unvaluable 
instrument  available  to  private  users,  scientific  communities  concerned  about  ecology 
and  Earth  resources  related  to  the  Amazon  and  Equatorial  regions,  as  well  as  to 
governmental  authorities  in  charge  of  the  surveillance  of  those  regions. 
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1.  Abstract 


A  future  international  space  system  for  the  Earth  remote  sensing  should 
provide  the  solution  of  a  wide  variety  of  problems.  The  problems,  solved  with 
space  means,  have  an  essential  difference  in  the  requirements  to  the 
operational  efficiency  (from  0.5  hours  to  about  10  day),  spatial  (from  1  m  to 
10  km)  and  spectral  (from  1  nm  to  20  nm)  resolution  of  those  means  that 
provides  their  successful  solution.  Requirements  to  the  instruments  for 
multispectral  high  detail  observations,  used  at  operative  observations  of  the 
Earth  surface  and  atmosphere,  determine  the  requirements  to  a  future 
international  space  system  for  the  Earth  remote  sensing. 

In  the  paper  a  project  of  an  onboard  complex  spectrometric  instrument  is 
described.  The  instrument  includes:  a  UV,  visible  and  IR  spectrometric 
system  and  an  onboard  image-processing  system. 

Creation  of  the  instrumentation  will  expand  essentially  the  number  of  the 
earth  remote  sensing  problems  which  can  be  solved  with  space  data  aid.  The 
instrument  application  will  also  provide  increase  of  the  number  of  problems 
which  could  be  solved  simultaneously  during  the  earth  surface  survey. 

2.  Introduction 


During  the  last  decades,  due  to  the  drastic  growth  of  the  man  impact,  a  low 
efficiency  and  lack  of  coordination  of  the  conservancy  activity,  a  significant 
environmental  degradation  has  been  occurring.  Industry- developed  regions 
have  undergone  the  most  essential  effect,  since  a  high  density  of  power 
plants,  chemical,  metallurgical  factories  and  etc.  in  the  said  regions  caused  an 
uncontrollable  overload  of  the  environment,  and  generated  conditions  for 
emergency  and  potential  dangerous  event  occurrences.  Thus,  in  many 
developed  industrial  regions  a  need  in  urgent  activities,  providing 
environment  monitoring,  inspection  and  improvement  of  ecological 
conditions,  appeared.  One  of  the  principle  objects  of  environmental 
monitoring  is  a  well-timed  and  full  detection  of  the  environment  conditions 
and  forecast  of  their  trends.  Space  means  for  the  Earth  remote  sensing  make 
the  most  complete  monitoring  of  such  regions  available,  owing  to  the 
following  advantages: 
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•  easier  techniques  and  organization,  and  consequently,  a  lower  cost  than 
ground  and  aerial  means  provide  for  local  or  regional  monitoring; 

•  wide  observation  coverage; 

•  possibility  of  execution  of  the  factor  integration,  i.e.  integration  of  elements 
of  the  geosphere  -  atmosphere,  hydrosphere,  lithosphere,  biosphere, 
antroposphere  -  in  one  image  that  provides  a  possibility  for  an  analysis  of 
their  global  and  regional  interaction,  and  also  detection  and  control  of  a  man 
impact; 

•  possibility  of  dynamic  integration,  when  a  series  of  images  of  the  same 
region,  received  from  the  one  and  the  same  facility  with  a  specified  period, 
provides  an  analysis  of  the  rhythm  and  trends  of  evolution  for  the  regions 
under  inspection; 

•  large-scale  imagery  availability  that  provides  a  generalization  of  ecological 
data  to  extract  large-sized  objects  with  no  detail  (which  are  needless  in 
certain  cases). 

An  environmental  monitoring  demands  space  observation  means  of  high 
spatial  and  spectral  resolution,  and  also  a  high  operational  efficiency  of  data 
delivery  to  a  customer.  E.g.,  the  monitoring  of  points  of  atmospheric 
emission,  soil  contamination  and  also  estimation  and  forecast  of 
environmental  conditions  for  a  region  requires  the  spatial  resolution  of 
(5...  10)  m  at  the  spectral  resolution  of  (1...2)  nm,  and  the  time  of  data 
delivery  to  a  customer  of  some  hours.  To  obtain  reliable  estimations  of 
environmental  conditions  in  regions,  a  combined  processing  of  data  in  UV, 
visible  and  IR  wavebands  should  be  executed.  Some  problems  of  the 
monitoring  demands  also  a  combined  processing  of  the  data,  obtained  from  a 
number  of  narrow  spectral  channels.  It  should  be  noticed  that  different  goals 
of  the  monitoring  need  different  combinations  of  the  narrow  spectral 
channels.  Therefore,  the  development,  manufacturing  and  testing  of  a  UV, 
visible  and  IR  multispectral  spectrometric  facility  of  high  spatial  (5-10  m) 
and  spectral  resolution  (1-2  nm)  is  accepted  as  a  primary  task  to  create  a 
space  segment  for  the  environmental  monitoring. 

However,  the  multispectral  spectrometric  technology  (of  the  said  high 
specifications)  arises  a  problem  of  data  transmission,  since  modern  «space-to- 
Earth»  radio  links  have  a  low  level  of  the  channel  capacity  (some  100 
Mbaud)  [1].  So  far,  the  said  problem  has  been  solved  by  means  of  the  power 
increase  of  a  communication  line  (owing  to  an  increase  of  the  power  of  a 
transmitter  or  sizes  of  receiving  and  transmitting  antennas).  The  maximum 
power  level  of  an  onboard  transmitter  is  limited  by  the  ruling  international 
telecommunication  laws.  And  an  enlargement  of  an  onboard  antenna 
contradicts  the  principle  of  space  vehicle  sizes  minimization.  Nowadays,  a 
new  trend  is  indicated:  transition  to  the  application  of  mid-  and  small-type 
space  vehicle  technology  for  the  Earth  remote  sensing.  An  enlargement  of 
ground  receivers  causes  a  significant  rise  of  the  receiving  station  cost  that 
results  in  impossibility  of  a  receiving  station  implementation  in  regions  in 
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the  near-term  time  and  limits  drastically  the  number  of  space  information 
users.  Nevertheless,  a  high  capacity  channel  of  a  «space-to-ground»  radio 
link  (up  to  1  ...  10  Gbaud)  is  required  to  provide  the  acquisition  of  data  of 
the  high-resolution  multispectral  spectrometric  facility  project,  submitted  in 
the  paper.  In  the  authors’  opinion,  to  meet  the  said  requirements  a 
specialized  onboard  image  processing  system  (OIPS)  should  be  developed 
which  would  reduce  the  data  flows.  The  OIPS  should  provide  realization  of 
the  following  functions: 

.  compression  of  an  image  both  with  losses  and  with  no  losses  of 
information; 

.  synthesizing  of  multispectral  images; 

.  extraction  of  objects  under  specified  spectral  and  spatial  indications. 

An  insufficient  efficiency  and  incompleteness  of  coverage  of  potential 
provincial  customers  is  inherent  to  the  present-day  centralized  system  of 
reception  and  distribution  of  the  satellite  Earth  remote  sensing  data.  A  future 
international  space  system  for  the  Earth  remote  sensing  must  provide  an 
environmental  monitoring  with  the  time  of  data  delivery  at  the  level  of  some 
ten  minutes  to  some  hours.  The  application  of  an  onboard  image  processing 
system  with  an  option  of  data  compression  makes  the  application  of  small 
receiving  stations  feasible  for  a  real-time  delivery  of  the  space  high- 
resolution  data  directly  to  regional  customers. 

So,  a  future  international  space  system  for  the  Earth  remote  sensing  should 
include  an  onboard  instrument  of  a  high  spatial  and  spectral  resolution,  an 
onboard  image  processing  unit,  ground  small  receiving  stations  and  provide 
harmonization  and  coordination  of  the  said  equipment.  Currently,  a  project 
of  a  complex  spectrometric  system  creation  for  the  Earth  remote  sensing  is 
under  development  by  the  authors.  The  instruments  designed  to  use  in  the 
system  are  planned  as  follows  : 

•  onboard  spectrometric  system  of  a  high  spatial  and  spectral  resolution; 

•  onboard  image  processing  system; 

•  ground  small  space  data  reception  station,  including  related  software. 

3.  Onboard  High  Resolution  Spectrometer 

The  history  of  creation  and  operation  of  high  spatial  resolution  multispectral 
spectrometers  is  short.  The  first  attempt  of  launch  of  an  earth  remote  sensing 
satellite  {Lewis,  USA)  [1]  with  an  onboard  alternative  sample  of  the  said 
equipment  was  terminated  in  failure  in  1997.  The  satellite  failed  in  orbit. 
Below,  the  Lewis  multispectral  spectrometric  system  is  briefly  described. 

A  spectrometer  of  a  high  spatial  and  spectral  resolution  (hyperspectrum 
instrument,  HSI)  was  developed  and  manufactured  by  TRW.  An  onboard 
sample  of  the  said  system  was  lost  with  the  Lewis  satellite  launch  failure 
(USA)  on  August  22,  1997. 
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The  HSI  operates  in  three  different  modes  and  prepares  for  transmission  up 
to  3  images  per  day  (Lewis  alternative).  In  the  panchromatic  mode  the 
instrument  operates  in  the  waveband  of  (0.45.. .0.75)  pm  with  the  spatial 
resolution  of  5  m  and  the  coverage  zone  of  13  km,  at  256  levels  of  signal 
quantization,  an  image  of  (13  x  13)  km  area  is  the  result.  In  the  first 
hyperspectrum  mode  the  instrument  operates  in  120  spectral  sub-channels  in 
the  waveband  of  (0,4.. .1,0)  pm  with  the  spectral  resolution  of  5  nm.  The 
operational  waveband  of  the  second  hyperspectrum  mode  is  (0,9. ..2, 5)  pm, 
the  spectral  resolution  is  6,25  nm,  the  number  of  sub-channels  -  256.  In  the 
both  hyperspectrum  modes  the  spatial  resolution  is  30  m,  the  observation 
width  is  7,7  km  (an  image  of  (7,7  x  7,7)  sq.  km  area),  the  signal  quantization 
is  4096  levels  .  The  range  of  observation  angles  from  nadir  is  ±22°.  The 
values  of  spatial  resolution  and  observation  width  are  valid  for  the  Lewis  case 
(the  sun-synchonous  orbit  of  502-km  altitude).  To  detect  and  exclude  then 
the  areas,  covered  with  clouds  in  the  obtained  images,  Lewis  had  an 
onboard  specialised  computer.  Besides,  the  satellite  could  operate  in  the 
regime  when  the  sector  of  view  of  the  LEISA  mid-resolution  instrument  (also 
mounted  on  the  satellite)  could  rotate  toward  the  flight  direction  that 
provided  a  beforehand  analysis  of  a  cloudiness  density  along  the  trajectory 
and  prevent  the  HSI  operation  over  the  objects  under  a  cloudy  coverage.  In 
that  way  it  was  planned  to  avoid  non -informative  images.  Images  from  the 
Lewis  onboard  HSI  planned  to  be  stored  in  a  special  onboard  storage  device 
(4  GByte  capacity).  The  weight  of  the  instrument  was  some  50  kg. 

Besides  the  above  system,  the  scientific  equipment  of  the  Clark  satellite 
(USA)  [1]  is  similar  to  the  submitted  multispectral  instrument  (with  respect 
to  the  optical  unit  and  the  system  of  image  processing).  They  plan  to  launch 
a  multispectral  spectrometer  ( WorldView  Imaging  development)  which  has  the 
following  performances:  wavebands  -  (0,45. ..0,8)  pm  (panchromatic 

channel),  (0,5. ..0,59)  pm  and  (0,61. ..0,68)  pm  (multispectral  channels); 
spatial  resolution  -  3  m  in  panchromatic  and  15  m  in  a  multispectral 
channel;  observation  zone  -  6  km  in  panhromatic  and  30  km  in  a 
multispectral  channel;  range  of  observation  angles  from  nadir  -  ±30°  (along 
and  perpendicular  to  the  flight  trajectory);  accuracy  of  the  geodesic  tie-in  of 
images  -  100  m.  The  possibility  of  the  Clark  instrument  optical  axis  to  rotate 
in  a  range  of  observation  angles  from  nadir  along  the  flight  trajectory  is 
developed  to  obtain  stereoscopic  imagery  of  objects  during  one  flyby.  Also  an 
onboard  compression  of  the  obtained  images  with  the  compression  factor  of 
from  2  up  to  100  has  been  planned.  Besides,  they  plan  implementation  of  on 
an  onboard  computer  special  algorithms  for  revealing  indications  of  specified 
objects  in  an  image.  Then,  the  application  of  specified  spectral  indications 
provides  the  selection  of  both  areas,  covered  with  clouds,  and  various 
commercial  objects  of  the  earth  remote  sensing.  An  onboard  storage  device 
capacity  of  1,37  GByte  is  planned. 
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Currently  in  Russia,  the  multispectral  high  resolution  scanners  of  “  MCY-3” 
series  have  been  operating  on  board  " Resurs-0 "  series  spacecraft  and 
"Priroda  module  of  "Mir"  station  [1-5].  The  last  “MCY-Sl”  [1]  modification 
has  the  spatial  resolution  of  25  m  (in  perpendicular  direction  to  the 
trajectory)  and  34  m  (along  the  trajectory),  operational  wavebands  of 
(0.5. ..0.6),  (0.6. ..0.7)  and  (0.8. ..0.9)  pm,  number  of  signal  quantization  levels 
is  256,  the  observation  width  of  45  km,  the  power  consumption  of  150  W, 
the  weight  of  27  kg. 

Joint  international  efforts  within  the  framework  of  the  onboard  ISS  test 
development  of  elements  of  a  future  international  system  for  the  earth  remote 
sensing  could  result  in  the  creation  of  an  onboard  spectrometric  system  of  a 
high  spatial  and  spectral  resolution  with  the  following  designed  performances: 


-  waveband . 0,25-5, 5pm 

-  spectral  resolution: 

operational  band:  0,25. ..1,2  pm  . 1  nm 

3,0. ..5, 5  pm  . 40  nm 

-  angular  resolution,  multispectral  mode 

operational  band:  0,25. ..1,2  pm  . <  2,7" 

3,0  ....5,5  pm  . <  10,4" 

-  angular  resolution,  panchromatic  mode . <  1,5" 

-  observation  width,  multispectral  mode 

operational  band:  0,25. ..1,2  pm  . 0,7° 

3,0....  5,5  pm  . 0,74° 

-  observation  width,  panchrom.  mode . 1 ,0° 

-  range  of  observation  angles  (optical  axis  from  nadir) 

along  the  flight  trajectory  . ±30° 

perpendicular  to  the  flight  trajectory . ±30° 

-  number  of  a  signal  quantization  levels . 4096 

-  number  of  simultaneously  processing  channels  : 

multispectral  image  synthesis  mode . >  10 

object  extraction  mode  . >10 

-  ratio  of  image  compression  in  one  spectral  channel: 

no  information  losses  . 2  -  5 

with  information  losses  . 50 

-  weight  . <  100  kg 

-  power  consumption  . . . <  150  W 


The  onboard  spectrometric  complex  equipment  is  designed  to  use  for 
multispectral  imaging  in  the  UV,  visible  and  1R  wavebands  with  a  high  spatial 
and  spectral  resolutions  (in  the  UV  and  visible  -  10  m  and  1  nm, 
respectively,  in  IR  -  40  m  and  40  nm,  respectively).  The  system  consists  of  a 
scanning  spectrometer,  operational  in  UV,  visible  and  near  IR  bands 
(0.25...  1.2  pm)  with  the  spectral  resolution  of  1  nm,  IR  scanning 
spectrometer  (3.0  ...  5.5  pm)  with  the  spectral  resolution  of  40  nm  and  a 
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panchromatic  scanner  (0.4  ...  0.8  pm).  The  principle  of  the  scanning 
spectrometer  operation  is  based  on  the  diffractional  holographic  mirror 
scheme.  This  configuration  provides  manufacturing  of  a  compact  and  simple 
device  with  no  driven  mechanical  units  that  will  increase  its  service  life 
factor.  To  provide  a  tie-in  of  an  image,  a  scanner  of  visible  band  is  used  in  a 
panhromatic  mode  with  a  spatial  resolution  in  two  times  higher  than  in 
multispectral  modes  (5  m).  The  weight  of  the  system  should  not  exceed  100 
kg  that  will  allow  to  mount  it  onboard  a  small  spacecraft  for  the  Earth 
remote  sensing.  To  guide  the  objects  of  observation,  the  line  of  sight  (optical 
axis)  of  a  spectrometer  should  be  able  to  rotate  from  the  nadir  direction  in 
the  range  of  angles  of  ±30°  (along  and  perpendicular  the  trajectory  of  a 
flight). 

4.  Onboard  Image  Processing  System 

One  of  the  problems  of  the  complex  scanning  instrument  development  is  its 
provision  with  processing,  storage  and  transmission  to  ground  of  the  data, 
obtained  by  a  high  resolution  spectrometer.  The  imagery  output  in 
(0.25...1.2)-pm  band  with  the  1-nm  resolution  is  a  set  of  images  in  950 
spectral  channels,  and  in  the  (3.0...  5.5)-pm  band  at  the  resolution  of  40  nm 
it  is  a  set  from  60  channels.  Thus,  the  spectrometric  instrument  provides 
simultaneous  acquisition  of  up  to  1010  images  in  total. 

At  the  spatial  resolution  of  10  m  and  orbital  altitude  of  some  500  km  the 
required  time  of  output  data  reading  of  the  spectrometer  CCD  is  1.5  ms.  In 
the  submitted  spectrometer  the  designed  dynamic  range  of  signal  is  4096,  i.e. 
12  bit  per  pixel  is  provided.  If  the  observation  width  is  10  km,  the  data  flow 
from  one  spectral  channel  is  8  Mbaud.  However,  the  desirable  width  is  40  km 
that  causes  a  data  flow  of  32  Mbaud.  The  total  data  flow  on  the  instrument 
output  is  8  Gbaud  if  the  observation  width  is  10  km,  and  it  is  32  Gbaud  in 
case  of  40-km  coverage. 

The  maximum  channel  capacity  of  modern  centers  for  space  data  receiving  is 
some  100  Mbaud  (of  the  future  -  up  to  200  Mbaud)  [1]  when  the  ground 
dish  diameter  is  not  less  than  5  m  [3].  In  case  of  space  data  reception  by  a 
small  station,  the  maximum  channel  capacity  of  a  radio  link  is  approximately 
up  to  10  Mbaud  and  the  antenna  diameter  is  about  2  m  [1]. 

So,  some  difference  occurs  between  the  output  spectrometer  data  flow  values 
and  the  flows  provided  by  a  conventional  ground  station  for  real  time  data 
transmission.  It  means  that  in  case  of  a  real-time  data  transmission  the 
satellite  data  flow  must  be  reduced  in  some  2  orders  of  magnitude.  In  case  of 
a  buffer  storage  and  a  20-minute  communication  session,  the  transmission  of 
an  image  of  (10  x  10)  sq.  km  area  at  the  information  flow  of  10  Mbaud  is 
supported  that  is  acceptable  for  a  small  reception  station. 
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The  complex  scanning  instrument  should  be  experimentally  tested  and 
validated  by  application  of  new  techniques,  demanding  both  imaging  in  all 
operational  spectral  bands  of  the  instrument  and  storage  of  data  in  an 
onboard  storage  device  (which  capacity  is  15  Gbaud  per  frame).  The 
instrument  is  planned  for  placing  onboard  the  International  Space  Station 
with  support  of  data  reception  at  the  space  information  center  (with  the 
channel  capacity  not  less  than  64  Mbaud). 

In  case  of  a  normal  operation  of  the  instrument  and  data  reception  on  a 
small  receiving  station  (10  Mbaud  channel  capacity),  the  data  flow  must  be 
reduced  more  than  in  3  orders  of  magnitude.  A  normal  operation  mode 
does  not  require  transmission  of  data  in  the  all  spectral  channels.  Usually, 
the  required  number  to  solve  an  ecology  or  economy  problem  varies  from  3 
up  to  7  spectral  channels.  Therefore,  to  provide  simultaneous  execution  by 
the  instrument  of  a  maximum  number  of  tasks,  it  is  necessary  to  process  the 
data  obtained  in  various  spectral  channels  onboard  a  satellite,  using  an 
onboard  image  processing  system  with  synthesizing  of  a  multispectral  image. 
Each  task  is  provided  with  one  synthesized  multispectral  image,  in 
accordance  with  specified  spectral  channels.  After  multispectral  synthesized 
images  are  obtained,  a  spatial  compression  of  an  image  is  executed.  Such 
reduction  of  data  flow  allows  to  perform  simultaneously  up  to  10  tasks  of  the 
remote  sensing  in  a  real-time  mode. 

After  imaging  of  the  Earth  surface,  it  is  necessary  to  perform  an  atmospheric 
correction  of  an  image.  For  this  purpose  it  is  necessary  to  know  the  total 
concentration  of  the  aerosol,  ozone  and  others  small  gas  components.  To 
provide  a  high-accuracy  correction  the  data  from  a  number  of  spectral 
channels  must  be  transmitted  to  ground  on  the  each  gas  component. 
Therefore,  an  atmospheric  correction  should  be  executed  by  the  OIPS.  It  will 
allow  to  increase  the  radiometric  accuracy  of  an  earth  surface  image. 
Imagery  in  the  (3.0...5.5)-pm  waveband  requires  to  produce  a  radiometric 
correction  of  spectral  channels  by  means  of  an  onboard  calibrator. 

The  onboard  image  processing  system  also  should  perform  selection  of  the 
areas  under  cloudiness  in  an  image.  If  the  value  of  a  cloud  coverage  of  an 
object  is  more  than  a  specified  value  (percent)  then  the  onboard  system 
operation  control  device  removes  that  image  and  perform  imaging  of  a 
preliminary-specified  alternate  object  on  the  current  or  next  orbit  revolution. 
This  mode  of  operation  increases  in  several  times  the  receiving  of  useful 
scientific  and  commercial  images. 

The  small  values  of  weight,  power  consumption,  and  also  a  capability  to 
change  the  image  processing  algorithms  are  among  the  principle  requirements 
to  OIPS  of  a  small  satellite.  Therefore,  an  OIPS  of  a  future  spacecraft 
should  be  realized  on  the  basis  of  digital  circuitry  technology  with  application 
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of  digital  signal  processors  (DSP)  and  complex  programmed  logic  devices 
(CPLD). 

The  data  from  a  spectrometric  system  output  should  be  transmitted  to  the 
ground  by  means  of  a  radio  channel  with  application  of  a  method  of  the  data 
digital  protecting  coding.  It  will  reduce  the  cost  of  a  reception  station, 
increase  integrity  and  reliability  of  the  received  data  and  capacity  of  a  radio 
link. 


5.  Conclusion 


The  submitted  analysis  of  the  current  state  of  the  technology  of  high 
resolution  spectrometric  systems  for  operation  on  the  board  of  earth  remote 
sensing  spacecraft  has  revealed  a  great  demand  in  the  development  of  a  new 
complex  spectrometer. 

The  new  spectrometer  performances  provide  the  tasks  of  the  earth  remote 
sensing  with  the  spectrometric  data  in  UV  (0.25. ..0.4  pm),  visible  (0.4. ..0.9 
pm)  and  IR  (0.9.. .1.2;  3.0.. .5. 5  pm)  wavebands  with  the  number  of  a  signal 
quantization  of  4096  and  the  sizes  of  an  image  (10  x  10)  sq.  km.  The 
information  allows  to  solve  a  number  of  problems  of  the  atmosphere  surface 
layer  control  and  also  of  environment  protection. 

The  development  and  testing  of  the  new  complex  system  could  be  performed 
in  the  framework  of  an  experiment  program  on  board  the  international  space 
station. 

The  current  capacity  of  a  «satellite-to-ground»  radio  link  requires  a  data 
processing  on  board  a  space  satellite.  That  leads  to  the  need  of  creation  of  an 
onboard  image  processing  system  (OIPS)  included  in  the  structure  of  the 
spectrometer  system.  In  case  of  a  buffer  storage  and  a  20-minute 
communication  session,  the  transmission  of  an  image  of  (10  x  10)  sq.  km 
area  at  the  information  flow  of  10  Mbaud  is  supported  that  is  acceptable  for  a 
small  reception  station. 

The  data  from  a  spectrometric  system  output  should  be  transmitted  to  the 
ground  with  digital  protecting  coding  to  provide  the  integrity  and  reliability  of 
the  received  data  and  capacity  of  a  radio  link. 
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HOBBIH  MeTOfl  KOMIIJieKCHOrO  HCCJie^OBaHHfl  npnpoflHBix 
pecypcoB  3eMJin  h  apyrtix  kocmhmcckhx  Teji 
no  p  e 3yn BxaxaM  AHcxaimHOHHoro  30HflnpoBaHHa 

Ytkhh  B.,  JlyKbfliaeHKO  B.,  PaHKynoB  I\,  Bojikob  A. 

Ii,eHTpaJIbHbIH  Hay*IHO-HCCJieflOBaTeJIbCKHH  HHCTHTyT  MaiUHIIOCTpoeHHa 

JIOMOHOCOB  M. 

CaflOBHHHHH  B.,  AjieKcauapoB  B.,  iKysoB  B.,  Jlasapee  T.,  Mbkchmob  B.,  (Phbchckhh  K). 

Mockobckhh  rocyAapcTBeiiHbiM  yiiHBepctrreT  hm.  M.B.JIOMOHOCOBa 

Co3flaHHe  nepcneKTHBHBix  KocMHAecKHX  cncTeM  AiicxaHijHOHHoro  3ohah- 
poBaHHfl  3eMJiH  n  apyrax  KocMHAecKHX  Teji  Bcer^a  conpoBoxcflae  tcM  pa3pa- 
60XKOH  3(J)4)eKTHBHBIX  ajITOpHTMOB  H  npOipaMM,  II03B0AflK>III,HX  BeCTH  TeMa- 
THraecKyio  o6pa6oTKy  flaHHBix  KocMHAecicoro  haSaioashhh. 

IlocjieflHHe  aecaTHJieraa  03HaM6H0BajracB  oipomhbim  nporpeccoM  b  ziejie 
o6pa6oTKH  aaHHBix  flHCTaminoHHoro  30HflHp0BaHna.  3aM6THO  pacnrapHJica 
apcenaji  MexoAOB  AeniHcJjpHpoBaHHA,  ocHOBaHHBix  Ha  bbihbjichhh  h  hc- 
n0JIB30BaHHH  BBIBBJI6HHBIX  3aBHCHMOCTeH  MeXCAy  3a(|>HKCHpOBaHHbIMH  B  a3- 
poKocMHnecKHX  H3o6paxceHH»x  napaMexpaMH  bojihobbix  H3A  vacuum  h  xa- 
paKxepncxHKaMH  HccjieayeMbix  o&beKxoB  h  flBxeHHH. 

Bee  urape  AaHHbie  AUCxaHHiioHHoro  30HAHp0BaHHH  ncnojiB3yioxca  aaa 
nsyneHHa  HeAp  3cmah  h  Apyrnx  KocMHnecKHX  xex,  b  xom  AMCxe  aah  npo- 
rao3HpoBaHHH  Mecx  h  niySnHBi  3axeraHHa,  3anacoB,  oueiiKH  ycxoBHH  skc- 
roiyaxaiiHH  h  Apyrnx  xapaKxepncxHK  noxeiHbix  HcxonaeMBix.  axoro 

npoM3BOAax  BH3yajiBHBin,  H3MepnxexBHBiH  hah  aBXOMaxH3HpoBaHHBiH  aHa- 
AH3  HHxeHCHBHOcxH,  cnexxpaABHoro  cocxaBa,  npocxpaHcxBeHHOH  AHc^e- 
peHHHaHHH  H  BpeMeHHOH  H3MeHAHBOCXH  3acJ)MKCHpOBaHHOrO  B  a3pOKOCMH- 
AecKHX  H3o6paxceHHax  H3AyqeHHA,  npHxoAAinero  ox  oSbckxob  Ha  MecxHo- 
CXH. 

jia  Toro,  mxo6bi  pacniHpHXB  bo3Moxchocxh  aHaAH3a  aahhbix  ,3,33,  hc- 
rioAB3yKyrca  He  xoabko  npaMBie  Aemn^poBOHHBie  npH3HaKH,  anpHopHo  H3- 
BecTHBie  HAH  BbiABAACMBie  b  npoHecce  HeAeHanpaBAeHHoro  HccxeAOBaHHA 
aapOKOCMHAeCKHX  H3o6pa>KeHHH,  HO  H  KOCBeHHbie  npH3HaKH,  mnpOKO  HC- 
noAb3yeMbie  npexgje  Bcero  npH  BH3yaABHOM  AeinH<J)pHpoBaHHH .  KocBeH- 
HBIMH  npH3HaKaMH  oSbIMHO  CAyXCaX  HHAHKaHHOHHbie  CBOHCXBa  peAbe(J)a, 
pacxHxeAbHocxH,  noBepxHocxHbix  boa,  noAB  h  rpyHxoB. 

IlpH  HeoGxoAHMoexH  npHMei-Aiox  HHcJ^poBaHHe,  4)oxorpaMMexpHAecKyio  h 
cJjoxoMexpHAecKyio  o6pa6oxKy  H3o6paxceHHH,  hx  reoMexpHnecKyro  KoppeK- 
HHK),  MacmxaSHpoBaHHe,  KBaHTOBaHH e ,  KOHxpacxHpoBamie  h  <J>HAbXpaHHio, 
cHHxe3HpOBaHHe  UBexHbix  H3o(5paxceHHH,  B  XOM  AHCAe  c  HcnoAb30BaHHeM 
pa3AHAHbIX  4>HABXpOB  H  X.A- 

Ho  xeM  He  MeHee,  HaAexcHbix  h  actx^eKXHBHbix  ajiropHTMOB  h  nporpaMM 
AAH  xeMaxHHecKOH  o6pa6oxKH  a&hhbix  A33  b  u;exiix  nporH03HpoBaHHX  h 
oHeHKH  MHHepaAbHbix  h  Apyrnx  npMpoAHbix  pecypcoB  xaK  h  He  6bixo  co3- 
AaHO.  BoAee  xoro,  moxcho  KOHexaxHpoBaxb,  nxo  BoraxenniHe,  npaKxnqecKH 


B.CaAOBHHAHH  H  AP- 


HeHcqepnaeMbie  HHcjiopMan hot nibie  pecypcw  MaxepnaaoB  21,33  Hcnoab3yiox- 
c a  b  uejioM  BecbMa  caaGo. 

3to  noGyaHao  aBTopoB  ^OKjia^a  npncxymixb  k  pa3pa6orKe  opnrHHaabHOH 
cHCTeMbi  ajiropHTMOB  cTpyKrypoMeTpuqecKoro  aHaaraa  MHorocneKXpaab- 
hwx  KocMuqecKHX  aaHHbix  BbicoKoro  npocTpaHCTBeHHoro  h  cneKTpajibHoro 
pa3pcmeHHH  c  ipeabio  peiiieHHa  3aaaa  noHcxa  MecxopoacaeHUH  Hecjyra,  ra3a, 
yran,  pya  pasjmqHbix  MeTarmoB  h  apyrax  none3Hbix  HCKonaeMbix  h  onemcH 
ycjioBHH  hx  3ajieramuL  anana30HaM  h  xeppuxopHJiM  MaxepnaaoB  aapoKoc- 
MHqecKHX  cbeMOK,  npoBeaeHHbie  KccaeaoBanHH  no3BoanaH  ycxaHOBHXb 
npHimnnuajibHO  hobmh  MexaHH3M  HeaeiianpaBaeiiHoro  BbiHBaeHHH  no 
aaHHbiM  D33  npaKTHHecKH  aioGbix  xeppnxopnaabHO  pacnpeaeaemibix  hjih 
CTpyKTypHpOBaHHbIX  aaHHbix. 

Ha  3TOH  ocHOBe  6bma  pa3pa6oTaHa  KOMnaeKCHaa  KOMnbioxepH3HpoBaH- 
Haa  MexoziHKa,  no3BOjiaiomaa  npoBoanxb  HayaHbin  aHajiH3,  nporao3HpoBaxb 
paaMemenne  h  ycxaHaBaHBaxb  paajinaHbie  napaMexpw  Hecj}xera30Bhix  3aae- 
xcen  h  npyrax  oGbeKxoB  reoaornaecKOH  cpeaw,  b  xom  ancjie  HaxoaaniMxca 
na  Goabimix  rayGHHax.  3xa  MexoanKa  oKa3aaacb  xatoxe  npuroaHon  aa«  on- 
peaejieiraa  npnnoBepxHocxHbix  o6beKxoB  n  aBaeHHH,  b  xom  ancae  BeanaH- 
hm  n  cocxaBa  reoxHMnaecKoro  3arpa3HeHna  KOMnoHeHXOB  aaHaniatJjxa,  aaa 
KOMnaeKCHoii  oneHKH  HanpaxceHHoexH  SKoaornaecKon  oGcxaHOBKH  h  pe- 
nreHna  mhoi  hx  HayaHbix  n  npHKaaaHbix  3aaaa. 

MexoanKa  Gbiaa  onpoGoBaHa  na  npnMepe  KOMnbioxepHoro  oGHapyxcemia 
h  KOMnaeKCHoro  aHaapoa  reoaoraaecianx  oGbeKxoB  (3aaexcen  paaanaHbix 
noae3Hbix  HCKonaeMbix,  KapcxoBbix  noaocxeii,  cyt}ic|)03M0HHbix  bopohok  n 
x.a.)>  reoMop4)oaoraaecKHX,  BoaHbix,  noaBeHHbix  n  pacxnxeabHbix  oGbetc- 
xob,  4>H3HaecKHX  (paanoaKXHBHbie,  aaeKxpoMamnxHMe  n  apyrne  noaa).  Ha 
ocHOBe  aaHHOH  MexoanKH  xaioxe  oxpaGaxbmaancb  npneMbi  pememia  pa3- 
ananbix  aKoaomaecKHX  3aaaa  (3arpn3HeHne  xeppnxopnn  n  aKBaxopnn  xa- 
xceawMH  MexaaaaMH,  anoKCHHaMH  n  apyrnMH  BpeaHbiMH  BemecxBaMH  n  co- 
eaHHeHnaMii),  aHaaraa  cocxoaHHa  xo3»ncxBeHHbix  aeMeab,  3aaHnn  n  co- 
opyaceHHH,  oGbeKxoB  cxponxeabcxBa  [1,2  h  ap-]. 

MexoanKa  cTpvKxypoMexpnaecKoro  aHaaH3a. 

npeaaaraeMaa  MexoanKa  aeinntfipHpoBaHHa  aaHHbix  2233  ocHOBaHa  Ha 
urapoKOM  HcnoabsoBaHHH  HHfJiopManMOHHbix  cbohcxb  pa3aHaHbix  anana- 
30HOB  H3ayaeHHa  aa  eKxpoMarHHXHbix  BoaH  n  npoBeaeHHH  cncxeMHoro  aHa- 
aH3a  aapoKocMHaecKHX  H3o6paxceHHH,  b  Koxopbix  Bceraa  oxpaacaexca  xa- 
paKxepHCXHKa  Heap  3eMan. 

Cyxb  MexoaHKH  3aKaioqaexca  b  cnennaananpoBaHHon  MHorocxaannHon 
KOMnbKxrepHOH  oGpaGoxKe  HH(})opMaHHM,  coaepacaipeiica  b  Maxepnaaax 
23,33,  c  neabio  BbiaBaenna  h  aHaaH3a  xon  ee  aacxn,  Koxopaa  b  cKpbixon 
4>opMe  xapaKxepH3yex  3eMHbie  neapa.  npH  sxom  Ha  KaacaoM  axarie  nccae- 
aoBaHna  neaeHanpaBaeHHo  Hcnoab3yioxca  pa3anaHbie  npnHnnnbi  canxbi- 
BaHiia  HHcJjopManHH,  coaepacameiica  b  aaHHbix  21,33. 


B.CaaOBHHHHH  H  ap- 


1.  CHCTCMHMH  C'XpyKTypOMC TpH*IC CKUH  dlUlJHIl  KOJimeBHX  CTpyK- 
Typ. 

Ha  nepBOM  3Tane  no  MeTojjHKe  IO.H.  OHBeHCKoro  [1,3,4]  npoBo/iiiTca 
cncTeMHMH  aHajiH3  KOjibueBbix  crpyKTyp,  KOHTypbi  kotopmx  Sojiee  hjih 
Menee  neTKo  i])HKCKpyioTc«  b  aapoKocMHnecKHX  H3o6paxeroMX  pa3Hbix 
MacniTaSoB,  cneKTpajibHbix  jmanaaoHOB  h  npnOopHoro  ocHamemm  aapo- 
KOCMH1!  eCKOH  CbeMKH. 

OTMeTHM,  HTO  Hapaziy  C  HSBeCTHbIMH  paHee  KpynHbIMM  KOJIbneBbIMH 
cxpyKTypaMH,  paanycbi  kotopmx  /locTHraioT  neciiTKOB,  coTeH  h  Tbican  kh- 
jioMeTpoB,  b  pe3yjibTaTe  KOMnbioTepHoro  aHajiH3a  BbMBjisnoTcsi  mhofobmc- 
jieHHbie  Majibie  cxpyKTypnbie  (})opMbi  c  pannycaMH  ot  coTeH  ao  HecKOjibKiix 
e^MFinn  MeTpoB.  TaKHe  KoabneBbie  CTpyKTypbi,  KaK  noKa3ajin  pe3yjibTaTM 
Hainnx  HCcaeaoBaHHii,  o6pa30Bajmcb  He  tojibko  Ha  noBepXHOcTH  3eMJiH  h 
apyrwx  kocmmbcckhx  tcji,  ho  h  Ha  paaaHBHbix  ray6HHax  noa  flencTEweM 
BHyrpeHHHX  chji,  npoHCTeKaiomHX  H3  rjiy6HH  HJiaHeT  h  3Be3a. 

TaKHM  o6pa30M,  mojkho  roBopHTb  He  TOJibKO  o  npnnoBepxHocTHbix,  ho  h 
o  norpeSeHHbix  KoabneBbix  CTpyKTypax.  3to  no  HOBOMy  oSbacHaeT  3Haiin- 
TejibHyio  flntJjtJjepeHHHanmo  Ha  He6ojibnrax  naoinaanx  HHXceHepHO- 
reojioraHecKHx  h  HHbix  cbohctb  ctpochhb  reojiornHecKHX  tojiih,  o0pa3OBa- 
HHe  3oh  yrnioTHeHna  n  pa3ynjioTHeHMa  reoji o per e c kmx  nopoa,  bo3hhkho- 
BeHH5i  3ajiexcen  Hec[)TH,  ra3a  h  apyrnx  nojie3Hbix  HCKonaeMbix,  npoHBjieHHe 
xaKHX  onacHbix  asaeHHH,  KaK  KapcT  hjih  cojihiJwiiokhhh. 

nojieBbiMH  HccaejioBaHHflMH  6buio  nojiTBepjKjieHO,  bto  b  pa3Hbix  nacrax 
Ma/ibrx  KOJibneBbix  cjiopM  HaSjnoflaeTcu  30HajibHoe  H3MeiieHHe  pejibecjia 
3eMHOH  noBepXHocTH,  yiuioTHeHHe  hjih  pa3pbixjieHHe  noBB,  H3MeHeHHe 
jipyrnx  HHxeiiepHO-reoMop([)ojiorHBecKHX  h  reojiorHBecKHX  cbohctb  rpyH- 
TOB,  paCTHTeJIbHOCTH  H  T.fl. 

Pa3pa6oTaH  h  onpo6oBaxi  b  pa3jiHTiiibix  npiuioxcennax  ajiropHTM,  no3BO- 
jmiomHH  BbiHBjiarb  c  noMoinbio  MaTepHajioB  ,0,33  pa3jiHBHbie  napaMeTpbi 
KOJibneBbix  cTpyKTyp.  3tot  MeToji  rio3Boaaex  BecTH  cTpyKxypoMeTpHBecKHH 
cHCTeMHMH  aHajiH3  KOJibneBbix  o6pa30BaHHH  Majioro  pa3Mepa  (Koxopbie  Ha 
1-3  nopajiKa  Mexibine  KOJibneBbix  CTpyKTyp,  H3BecTHbix  H3  reoaoraaecKHx 
KJiaccH4>HKanHH) .  Hcnojib30BaiiHe  HiicjiopManHH,  noaynaeMOH  b  pe3yjibTaTe 
KOMnbioTepHoro  aHajiH3a  aopoKOCMHraecKHX  H3o6paxceHHH  BbicoKoro  npo- 
cTpaHCTBeHHoro  h  cneKxpajibHoro  pa3pemeHRa,  no3BOjmeT  c  bmcokoh 
TOBHOcTbio  (c  oiiih6koh  no  1  m  h  MeHee)  onpenejiHTb  rjiy6HHy  3aneraHira 
ropHbix  nopoa  c  oco6mmh  c boh cTBaMH . 

npHMepoM,  HJUiiocTpHpyioinHM  pa6oxy  namioro  anropHTMa,  cjiyxcHT  reo- 
jioro-reoMopcJiojioiHBecKHH  anajina  TeppHTOpHH  Haiinoi ian brio ro  napKa 
“JIochhmh  OCTPOB”  Ha  ynacTKe  npoxox<fleHHB  nepe3  Hero  Mockobckoh 
KOJibneBOH  aBTOMoSmibHOH  floporH  (MKAJl)  [1].  Hcnojib30Bajicn  aopocbe- 
MOBHbiH  MaTepnaa  b  BHfle  nHc]ipoBoro  (J)OTonjiaHa  c  pa3pemeHHeM  Ha  MecT- 
hocth  2  M/nKC.  AapocbeMKa  nponxBeneHa  26-28  hiojib  1996  r.  b  MacniTa6e 
1:15  000. 

rfepROH  cTajiHCH  TexHoaoraaecKOH  cxeMM  cTpyKxypoMeTpHnecKoro  aHa- 
jiH3a  H3o6paaceHHH  cjiyxcnjia  onemca  KanecTBa  ncxonHbix  neeTHbix  aapotjio- 


B.CaaOBHHHHH  H  flp. 


OparMeHTbi  uvi<t>poBoro  cJjOTon/iaHa 
Ha  TeppHTopmo  MKAfl  b  pafioHe  zieconapKa 

JlOCMHbIM  OCTPOB 

(  3e/ieHOHyBCTBMTeJibHbifi  cnoii  MaTepnanoB  ubgthom  aspocfioTocbeMKW 
26-28  mo/iq1996  r  b  MacwTaSe  1:15  000;  ounc|)poBaHo  c  pa3peweHM- 
eM  Ha  MeCTHOCTM  2  m/pikc) 
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Howepa  cjjparMeHTOB 
4M(}>poBoro  (j)OTonnaHa 


TeppMTopwq  nno- 
HepcKoro  Jiarepq 


Mry  hm.  M.B.  JlOMOHOcoaa  reorpatpmecKHti  tpatcynbTar 

Jla6oparopm  "Mockobckmm  person " 


Phc.  1 


tochhmkob.  Ha  ee  ocHOBe  jam  nocjieziyiomeH  cTpyKTypoMeTpHnecKoii  o6pa- 
60TKH  6bUI  BtlSpaH  effHHCTBeHHblH  AOCTaTOAHO  HH(J)OpMaTHBHbIH 
“3ejT6HbiH”  cjioh  (pnc.  1).  KpOMe  Toro,  Ha  3TOH  CTaflHH  6bUio  npoBefleHO 
reojioro-reoMop(J)OJToraHecKoe  H3yaeHHe  Mccjie^iyeMOH  TeppHTOpHH  no  cj)OH- 
iioBbiM  n  ApyrnM  MaTepnanaM.  Ilpn  stom  aBTopw  He  pacnojiarajiH  AaHHbiMH 
no  reojiomnecKHM  CKBaxaHHaM  h  noApoSiibiMii  cbcachkh  o  TonorpacjiHH 
AHeBHon  noBepXHOCTH,  hto  cymecTBeHHO  ycAOJKHHJio  pemeHHe  nocTaB- 
jieHHOH  3aAaBH  reojioro-reoMop^ojioranecKoro  aHajiH3a. 

YTOTbiBaa  3TO,  Ha  btopoh  cTajiHH  HccjieAOBaHHa  6buia  pa3pa6oTaHa  cTpa- 
xcraa  h  TexHOJiorHH  cTpyierypHOH  o6pa6oTKH  H3o6paaceHHH.  IloaTOMy  b  hc- 
nojib30BaHHyio  a jib  aHaAH3a  xoporno  H3y<ieiiHOM  TeppHTOpHH  CaTHHCKoro 
yneSHoro  nojmroHa  MFY  [1]  Bepcnio  cTpyKTypoMeipHaecKoro  KapTorpa^n- 
poBaHHB  pejibecJ)a  norpeGeHHbix  KopeHHbix  nopoA  no  MaTepnajiaM  aspo- 
cbeMKH  6bum  BHeceHbi  HeoGxoAHMbie  H3MeHeHHH. 

CymecTBeHHbie  n3M6HeHHH  b  MeTOAHKe  cTpyKiypoMeTpunecKoro  xapTo- 
rpa4)HpoBaHHH  peAbecJja  norpeGeHHbix  KopeHHbix  nopoA  Bbi3BaAa  Taoce  Ha- 
npaBAeHHocTb  hcca eAOBaHHa  Ha  BbiaBJieHHe  onaroB  pa3pynieHHa  KopeHHOro 
cyGcTpaTa,  Bbi3biBaeMbix  TeKTOHHaecKHMH  nponeccaMH  h  ycyryGjiaeMbix 
AeiicTBHeM  3K3oreHHbix  4>aKTopoB.  Taxne  aHOMaAHH  noBbimeHHOH  npoHH- 
naeMocTH  3eMHOH  Kopbi  (ApoGjieHHH  KopeHHOro  cyGcTpaTa)  npoeAHpytoTca 
Ha  AHeBHyio  noBepxHocTb  h  npoaBjiaioTCH  b  hcoahopoahocth  CTpyKTypbi 
H3o6paaceHHH  ee  noaBCHHO-pacTHTejibHoro  noKpOBa  Aaace  Horace  (Jjannajib- 
Horo  ypOBHB. 

cDparMCHTbi  nncfjpoBoro  cjjoToruiaHa  o6pa6aTbiBajincb  pa3AejibHo  no  hach- 
thhhoh  MeTOAHKe  c  npHMeHefflieM  opHrnnajibHbix  nporpaMM  cTpyKTypHoro 
aHajiH3a  H3o6paxceHHB.  AHajiH3  npoBOAHJica  c  ncnojib30BaHneM  CKOJib3aine- 
ro  oKHa  2x2  nice  c  perHCTpannen  aacTHbix  3HaaeHHH  moiahocth  pbixjibix 
OTJIOXCeHHH  B  KaxpjOM  H3  HHX  H  nOCAeAyiOIAHM  BbPIHCJieHHeM  CpeAHHX  3Ha- 
HCHKH. 

npn  BbiHBJieHHH  oqaroB  apoGjicithh  KopeHHOro  cyGcTpaTa  yqHTbiBajmcb 
“OKHa”,  MaKCHMMJibHoe  oTKJioeeHHe  3Haqerarii  moiahocth  b  KOTopbix  ot 
apH<J)MeTHqecKoro  cpeAHero  He  npeBbimajio  ±10%.  3thm  oGecneqHBajiacb 
(JiopMajibHaa  norpeniHocTb  onpeAejieHHH  moiahocth  pbixjibix  otjioxchhh 
±5%.  npH  TaKOM  3HaneHHH  xpHTepna  OTGpaxoBKH  H3MepeHHH  Ha  TeppHTO¬ 
pHH  oGinen  luioinaAbio  16  km2  BbiHBJieHbi  2325  onara  noBbimeHHOH  npoHH- 
naeMOCTH  3eMHOH  KOpbl  (pHC.  2). 

Ha  TpeTbeH  cTanHH  Gbuia  nocTpoeHa  AH^poBaa  MOAejib,  xapaKTepH3yio- 
maa  jiHToreHHoe  “KaaecTBo”  MecTHocTH.  ^ajiee  no  H3MepeHHbiM  3HaqeHH- 
aM  moiahocth  pbixjibix  oTaojKBHHH  b  oqarax  ApoGaeHHa  KopeHHOro  cy6- 
cTpaTa  6biJia  nocTpoeHa  nepBaa  Bepcna  ahiJipoboh  moacjih  moiahocth  pbix- 
abix  oTjioxceHHH.  ji  excam  hx  Ha  ApeBHeM  norpeSeiiHOM  ACHyAanHOHHOM 
pejibecfie  KapGoHOBbix  H3BecTHaKOB  (pnc.  3). 

OTMeTHM,  hto  nepBaa  sepcna  —  sto  Bcero  ahhii.  nepBoe  npHGjiHxeHHe 
HTepanHOHHo  pemaeMoii  3axaqM.  HpHBjieqeHHe  He  Hcnojib30BaHHbix  HaMH 
AaHHbix  GypeHHa,  otmctok  bmcot  ahcbhoh  noBepxnocTH  h  Apyrnx  CBeAe- 
HHH  MOXeT  cyiAeCTBeHHO  COKpaTHTb  AHCAO  HTepaAHH  H  GbICTpee  AOCTHHb 
TpeGyeMOH  tohhocth  onpeAeaeHHH.  OAHaKO  Aa^e  nepBoe  npHSanxceHne 


B.CaAOBHHAHH  H  Ap- 


Cham  flpo6.neHMfl  KopeHHoro  cyScTpaia 
Ha  TeppnTopi/m  MKAA  b  paCioHe  jieconapKa 

JlOCMHbIM  OCTpOB 

(Kapia  cocTaB.neHa  (O.M.OMBEHCKUM  mgtoaom  aapocTpyKTypoMeTpunecKoro 
30HflnpoBaHnyi  cySdpaTa  no  utucJjpoBOMy  cj^OTon/iaHy  c  pa3peiueHMeM  2  m/hkc) 


Teppmopun  nno- 
HepcKoro  Jiarepa 


CoBpeMeHHbie 

BOflOTOKH 


OflUHOHHbie 

rpynnoBbie 


Phc.2 


Mfy  mm.  M  B.  /loMOHOCoBa  feorpa<t>MHecKMM  4>aKynbTeT 

Jla6oparopnfl  "Mockobckmm  pernoH” 


sitatSsal 


UHOPOBAfl  MOflE/lb 

M0L4H0CTM  pbIX/lbIX  OTJlOXeHMM  Ha  TeppHTOpHtO 

MKAfl  b  pawoHe  jieconapica  Jloci/iHbifi  octpob 

{cocTae/iGHa  KD.M.0HEJEHCKMM  mgtoaom  aapocTpyKTypoMGTpimecKoro 
aoHAwpoBaHMSi  CTeneHM  pa3APo6aGHHOCTM  KopGHHoro  cy6cTpaia  no 
UMdspOBOMy  i^OTon/iaHy  e  paapeLueHneM  2  m/iikc)  _ 


MOUlHOCTb 
PbIXJibIX 
OTnOXCGHMW 
.  (  M) 


flo/ioca  oTHy>KAeHMfi 
MKAfl 


CoBpeMeHHbre 

BOAOTOKM 


(IpeAnonaraeMbie 
ApeBHwe  boaotokh 


TeppuTopufli  nnoinep 
CKoro  Jiarepa 


Mt y  M  a  JlouoHOroaa  ! sorpafr^ectmi  tpaKynbiar 


JlaCoparopm  " Mockobcmh  pemon' 


0Ka3biBaeTCii  BnojiHe  acjKjiexTHBHBiM  #jih  HroxeHepHbix  reojioro- 
reoMop<J)ojiorHHecicHX  bbibo#ob. 

Ha  neTBepTOH  CTaaHH  6buia  npoBe#eHa  opeHxa  tothocth  h  #ocTOBepHo- 
cth  nojiyqeHHbix  reo#oro-reoMOp<j)0#orHqecKHX  nocTpoeHHH.  Bbui  npOBe- 
#eH  aHajiH3  h  x#accH<J)HKanHfl  “o#aroB”  #po6jieHiw  KopeHHoro  cy6cTpaTa, 
Bbiaejieiibi  cooSmecTBa  o#HHOHHbrx  “oqaroB”  jiHHeimoro  jih6o  apeajibHoro 
THna. 

Ho  c|)opMe  rpynnoBbix  “onaroB”  6bi#n  c#ejiaHbi  BMBo#bi  o  CTeneHH  ax- 
thbhocth  jiHHeaMeHTOB,  o6pa3yx>mHX  reojioraHecKHH  y3eji.  Ha  #aHHoii 
TeppHTopHH  HaHSojiee  aKTHBHbi  nponeccbi  #po6#eHHa  KopeHHoro  cy6cTpaTa 
b  cySMepHflHaHajibHOM  h  cy6niHpOTHOM  HanpaBJieHHax.  BTopoe  no  3Ha#H- 
mocth  MecTO  3aHHMaioT  npHMoyrojibHbie  ceTXH  TpetpuH  #HaroHa#bHoro  Ha- 
npaBJieHna  c  a3HMyroM  okojio  45°. 

VKajKCM,  iito  npoBe^ennaa  HaMH  cTpyxrypHaM  o6pa6oTxa  MaTepnajioB  aa- 
po(J)OTOcbeMKH  Ha  pacnojio)KeHHbiH  b  6-th  km  ioro-3ana#Hee  panoH  cTaH- 
HHH  BejioKaMeHHaa  Mocxobcxoh  xojibneBOH  oxpyxcHOH  xcejieaHOH  #oporn 
BbWBHJia  Bcero  jihuib  15°-hmh  a3HMyrajibHbiH  inar  c  TaKHM  xce  npeo6jia#a- 
HHeM  aKTHBHOCTH  JiHHeaMeHTOB  Cy6MepH#HaHa#bHOTO  H  Cy6fflHpOTHOrO  3a- 
JIOXCeHHH. 

Taxoe  3aKOHOMepHoe  yMeHbineHHe  3HaqeHH»  a3HMyrajibHoro  mara  jth- 
HeaMeHTOB  Ha6jno#aeTca  npn  npH6#H>xeHHH  k  reo#oraqecxHM  y3jiaM,  o6pa- 
30BaHHbIM  pa3JIOMaMH  BblCOKOTO  paHTa.  noaTOMy  MOXCHO  np ejinojl OXCHTb , 
hto  b  30He  ziencTBHa  Taxoro  y3jia  h  npoxo#HT  #aHHbin  ynacTOX  MICA#.  06 
3tom  xocBeHHo  CBMueTejibCTBycT  cyniccTBeiiHaa  3a6ojioneHHocTb  npnjie- 
raioineH  x  HeMy  TeppHTopHH. 

HeM  Bbinie  paHr  y3jia,  xeM  6c>Jiee  rjiySHHHbie  3TaxcH  3eMHOH  xopbi  cno- 
co6hm  bjihhtb  Ha  (JiopMHpoBaHHe  ocoSeHHocTeH  coBpeMeHHOH  reorpac[)H4e- 
cxoh  cpejibi.  Ho  3THM  BepTHxajibHbie  cTOji6aM  noBbimeiiHOH  HapymeHHOCTH 
CrniOinHOCTH  (npOHHnaeMOCTH)  3eMHOH  xopbi  X  JIHeBHOH  nOBepXHOCTH  Jioc- 
TaBJiaioTCH  pa3JiHHHoro  po#a  rjiy6HHHbie  pacTBOpbi  h  3MaHau;HH  (HanpHMep, 
ra3bi  rejiHH  h  pa#OH),  He6e3Bpe#Hbie  #jih  qejioBenecxoro  opraHH3Ma. 

YajioBbie  cTpyxrypbi,  npe#CTaBJiHH  co6oh  (xax  npaBHJio)  #enpeccHBHbie 
o6pa30BaHHH,  b  pe3yjibxaTe  HHcJmjibTpanHH  noBepxHocTHbix  bo#  axxyMyjiH- 
pyioT  h  TpaHcnopTHpyioT  Brjiy6b  3eMjm  cMbiBaeMbie  hmh  aHTponoreHHbie 
3arpH3HHTejm  npnpo#HOH  epe#bi.  npoH3BO#HTe#bHocTb  Taxoro  Macco6MeHa 
xa>Kjioro  reojTorHHecxoro  yajia  ciporo  onpe#e#eHa  npnpo#OM.  Ho  noxa  no- 
pOTOBbie  3HaHeHH5I  CHJIbl  BHeiHHHX  B03#eHCTBHH  Ha  3TH  “nopbl  3eMJIH” 
Hayxon  coBepineHHO  He  ycraHOBJieHbi. 

Ho  XOMnblOTepHOH  3XCnpeCC-XapTe  MOIIIHOCTH  pbDOIbIX  OTJIOXCeHHH  (pHC. 
3)  6buio  cocTaBJieHo  npe#CTaB#eHHe  o  pa#e  cymecTBeHHbix  ocoSeHHocTen 
ApeBHero  pejibetjia  mccthocth  Ha  ypoBHe  xopeHHoro  cy6cTpaTa.  06pamaiOT 
BHHMaHHe  xopoino  BbipaxceHHbie  #eTajMMH  #peBHero  Me3opejibec|ia  jiHHea- 
MeHTbi,  #eMOHCTpHpyioiHH e  Sjioqiiyio  Hape3xy  3eMHon  xopbi,  oco6eHHo  b 
paHOHe  nnoHepcxoro  jiarepq,  pacnojioxceHHoro  Ha  reojioraqecxoM  y3jie, 
c4)opMHpoBaHHOM  #ByMH  pa3jioMaMH,  nepecexaiomHMH  MKA/I,  no#  yrjiaMH 
30°  h  60°. 


B.Ca#OBHH#HH  H  #p. 


Flo  pa3JioMaM  3aJioxceHbi  aoahhm  npeanojiaraeMbix  ApeBHHX  boaotokob 
ihhphhoh  okojio  200  m  h  rjiy6HHOH  25-30  m,  no  TajibBeraM  kotopwx  pac- 
nojiaraioTCH  SeccTOHHbie  KapcTOBbie  kotaobhhbi  (Ha  KapTe  sto  TeMHbie 
naTHa).  XapaicrepHbi  zuia  AaHHon  TeppHTopHH  n  ocTaHHbi  (cBerabie  miraa). 

ToaHo  TaKHe  xe  jiHHeaMeHTbi  h  cfropMbi  pejibe4>a  (oAHaKo  MeHbnien  niy- 
6hhbi:  10-15  m)  6mjih  oGnapyxeribi  HaMH  paHee  b  oKpecTHOcrax  CTaHHHH 
BejioKaMeHHaa  MOvK/1. 

YcTaHOBJieHO,  hto  pncyHOK  cera  npe/inojiaraeMbix  ApeBHHX  boaotokob  b 
nejroM  noAoOen  pncyHKy  coBpeMeHHbix  boaotokob,  ho  cMemeH  othoch- 
TejibHO  Hero  Ha  BocTOK-ceBepo-BocTOK  b  cpeflHeM  Ha  300  m.  3to  ooctom- 
TejibCTBQ  corjiacyeTCH  c  H3BecTHbiM  npHHHHnoM  HacjieflOBaHH*  coBpeMeH- 
HbiM  pejibe4)OM  ApeBHHM  norpeOeHHbix  4>opM. 

BbWBJieHHbie  HaMH,  no  peiyjibTaTaM  cTpyKTypoMeTpimecKoro  aoH/mpoBa- 
HHB  nOBepXHOCTH  KOpeHHbIX  H3BeCTHHKOBbIX  nOpOfl,  OCoGeHHOCTH  OOJIHKa 
norpeSeHHoro  AenyAaiiHOHnoro  peAbecjia  He  npoTHBOpenaT  HMeiomHMca 
reojioro-reoMopc|)OjiorHlfecKHM  opeacTaBJieHHHM.  Ohh  cjiyxaT  #OKa3aTejib- 
CTBOM  flOCTOBepHOCTH  ITOJiyqeHHblX  KapT  H  B03MOXHOCTM  O&beKTHBHOTO 
nporao3HpoBaHHH  no  hhm  TeneHMH  paaa  npHpoAHbix  npopeccoB,  b  tom 
HHCjie  h  cnpoBonHpoBaHHoro  nejioBeKOM  xapaKTepa. 

B  nejioM  paccMaTpHBaeMbiii  yqacTOK  MKAH  b  oTHomeHHH  ycjioBHH  skc- 
njiyaTanHH  ero  HHxeHepHbix  coopyxeHHH,  no  HameMy  MHeHHio,  Hejib3a 
oTHecTH  k  paapatiy  6jiaronojryiiHbrx.  DiaBHyio  onacHocTb  n p e^cTaBJia iot 
cy4)c|io3HOHHbie  npocaAKH  rpyHTOB  h  BepoHTHhie  npoaBJieHira  KapcTa.  Ha 
paSoHHe  cBOHCTBa  nojioTHa  aBTQCTpazn>i  Moryr  0Ka3biBaTb  BJiHflHHe  h  npo- 
Hcxoflamne  no  TpemHHaM  b  3cmhoh  Kope  TeKTOHimecKHe  noABHXKH  ee 
Sjiokob.  B  pape  MecT  iiojiotho  aBTOCTpaAbi  HcnbiTbiBaeT  nocroaunbie  npo- 
aojibHbie  HanpaxeHHa  paapbiBHoro  xapaKTepa.  3th  yqacTKH  TpeOyioT  no- 
BbiineHHoro  BimMamra  npoeKTHpoBniHKOB  npH  pexoHCTpyKHHH  MKAfl  h 
HHxeHepHbix  cjryx6  aBTOCTpaflbi  b  nponecce  ee  sKcruiyaTanHH. 

/Ipyron  HeOjiaronpHSTHbiH  cfiaKTOp  cBaaan  c  B03MoxHocTbio  jioKajibHbix 
npeBbiineHHH  3HarreHHH  IT,ZJ,K  BpeAHbix  jum  apopoBi.a  qejioBeKa  raaoBbuie- 
jieHHH  H3  Heap  3eMJiH  (b  qacTHOCTH,  rasa  pa^ioHa),  ocoOeHHo  Ha  Teppmo- 
pHH  nnoHepcKoro  jiarepa.  3to  oOcToaTejibCTBO  Tpe6yeT  oGaaaTejibHoro 
3ManauHOHHoro  oScjie^oBaHHa  MecTHOCTH. 

KoMnbioTepHbiH  crpyKiypoMerpH^iecKHn  aHajiH3  KOjibneBbix  CTpyKTyp  no- 
3BOJiaeT  peinaTb  MHorae  3apaHH  noncKOBOH  reojiorHH,  oOmeil  h  HHxeHep- 
hoh  reoMopc|)OJiorHH,  AaHAinatJyroBeAeHHfl,  rioqBOBepeHHa,  reoOoTaHHKH  h 
T.fl.  no  pe3yjibTaTaM  paHHbix  nccjieaoBaHHH  moxho  npoBOAHTb  pa3pa6oTKy 
kohkp  eTHbix  riayaiibix  peKOMeH^anHH  HHxe HepHoro ,  3Koa  ora  li  e c  ko  i  o  h 
HHoro  njraHa  zuia  yaacTKOB  3eMHOH  nOBepXHOCTH  jioKajibHOH  pa3MepHocTH, 
b  TOM  HHCjie  /ma  oTpeJibHbix  3ZiaHHH  h  coopyxeiTHH,  Majibix  (J)parMeHTOB 
3eMJien0Jib30BaHHH,  He6ojrbinHX  BopoeMOB,  kohkp ei'Hbix  yaacTKOB  Aopox- 
hoh  ceTH. 

AHanH3Hpya  H3o6paxeHH5i  Majibix  KOjibneBbix  cJiopM,  moxho  c  aocraroq- 
hoh  nerajibHOCTbio  ycTaHaBjiHBaTb  napaMeTpbi  aajieraHHa,  moihhocth  h  co- 
CTaBa  TOJim  pbIXJTbIX  H  KOpeHHbIX  OTJIOXCIIHH,  OnpeflejWTb  HX  lUIOTHOCTb, 
TeKToiiH'iecKyio  hjih  HHyio  HapymeHHocTb,  AaBaTb  nporao3  BKjnoTieHHH 


B.CaAOBHHHHH  H  Ap. 


rajibKH,  npocjioeK  tjihh,  npoMepsaHiw  rpyHTOB,  BoaoHacbimeHHOcTH  pbix- 
jibix  TOiim,  ycTaHaBjiHBaTb  nojioaceHHe  ocHOBHbix  jiHTOJiorHnecKHX  pa3^ejioB 
h  T.fl.  BbicoKaa  TonHocTb  TaKHX  onpeaejieHHH  niySHHbi  3ajreraHHsr  kpobjih 
KopeHHbix  oTjroxcenHH  Ha  TeppHTopHH  CaTHHCKoro  yneSHoro  nojraroHa 
Mry  6buia  aoicasaHa  aaHHbiMH  GypeHiw. 

TaKaa  BbicoKaa  TOHHocTb  onpeaejieHHH  aaeT  MHoacecTBO  npaKTHnecKHX 
npmioaceHHH  flaHHOH  MeTo^HKH.  npeacae  Bcero  oHa  no3BOji«ex  Becra  to- 
norpacjDHaecKyio  pucoBKy  norpefieHHoro  pejibecfm  c  yneTOM  Bcex  ero  ycjioac- 
HeHHH,  BKJIIOHaH  npOBBJieHHS  OCTaHHOB,  KapCTOBbIX  npOBajIOB,  OTBeCHbIX 
cTeHOK,  rpaScnoB  h  t.#.  Bbicoican  TomiocTb  tbkhx  onpeflejieHHH  mxsBOjiiieT 
njiaHHpoBaTb  niHpoKoe  npHMeHCHHe  naHHon  MeTOflHKM  b  HayHHbix  Hccjie- 
flOBamuix  h  Ha  npaKTHKe,  HanpHMep,  npH  HsyqeHHH  onoji3HeH,  oSocHOBa- 
hhh  CTpoHTejibcTBa  h  3KcnjiyaTau;HH  cKBaxcHH  h  flpyrnx  (b  tom  Hwcjie  nofl- 
3eMHbix)  coopyxceiiHH. 

AaHHaa  MeTOflHica  Tarace  3(|>c|)eKTHBHa  b  nejmx  aHajiH3a  h  nporao3a  mho- 
roroiacTOBbix  3ajieaceH  He<j)TH  h  rasa,  KOHTpojmpyeMbix  pa3HMMH  no  rjiySn- 
He  sajieraHHH  jiHTOJioranecKHMH  paajieJiaMH.  npHSHaicaMH  hx  npoaBjieHHH 
6ya;eT  cjryacHTb  Ha.riHTiH€  Ha  zpihhom  TeppHTopHH  h,  cooTBeTCTBeHHo  Ha  Ma- 
TepHajiax  flHCTaHHHOHHoro  soH^apoBaiiHa,  onpeaejieHHbix  KOMnjieKcoB 
pa3JI HHHbIX  no  BejIHHHHe  MajIbIX  CTpyKTypHbIX  cbopM. 

Xtjm  noBbimeHHa  tohhocth  H3MepeHHH  no  aspoicocMHHecKHM  MaTepna- 
jTaM  MoacHO  ncnojib30BaTb  KOMSHHHpoBaHHbiH  no/pcofl,  KOTfla  flaHHble  pa3- 
peaceHHOH  cera  onopHoro  SypeHHii  6yoyT  flonojiHBTbCH  cjjoTorpaMMeTpHne- 
ckhm  aHajiH30M  h  sKCTpanojWHHOHHOH  oneHKOH  rjiy6nH  sajieraHMH  TBep- 
flbix  TOJIIH  no  Been  nccjicnycMon  TeppHTopHH.  npH  Hcnojib30BaHHH  aaace 
paspeaceHHOH  ceTH  reojioranecKHX  CKBaacHH  b  KanecTBe  onopbi  c  noMonjbio 
3Toro  ace  MeTona  MoacHO  onpeflejiMTb  pea  beef)  norpeSeHHbix  otji oace  hhh 
npaKTHTecKH  c  flerajibHOCTbio  coBpeMeHHOH  Tonorpacj)HHecKOH  KapTbi,  aoc- 
THraa  tohhocth  3-5%  ot  moephocth  pbixabix  oTjioaceHHH. 

2.  BblMBJlCIIHC  PC30HBHCHMX  VaCTOT  H  CH CT&MHMH  iUUlJUIl  3JICK- 
rpoMarHHTHoro 

H3JiyneHHa  npHpojojHbix  oGbeKTOB 

BropbiM  oranoM  KOMiweKCHoro  cTpyKTypoMeTpHnecKoro  aHajiraa  cay- 
aorr  BbiHBJieHHe  pe30HaHCHbix  nacTOT  sjieKTpoMarHHTHoro  H3jiyneHHa  npn- 
poaHbix  oSteKTOB,  (|)HKCHpyeMoro  b  MaTepnajiax  ah  CTaHHHOHHoro  30HAH- 
poBaHHfl.  KaaojbiH  Taxon  o6beicT  HMeeT  CBoe  cnenncJjHMecKoe  H3ayneHHe, 
«ito  HBaneTca  ero  OTaHnmeabHOH  nepTOH.  Ho  sto  H3ayaeHHe  MoaceT  6biTb 
aocTaTOTHo  6ah3khm  no  cneKTpy  h  flpyrHM  xapaKTepHCTHKaM  k  H3jiyneHHio 
/ipyrax  aHaaorHHHbix  oSbeKTOB  aaHHoio  mna  h  BHfla.  Ha  stom  ocHOBaHHH 
HanaTa  pa6ora  no  coaaaHHK)  KapTOTeK  H3JiyneHHH  pas/mnHbix  oGbcktob  h 
ycTaHOBJieHa  B03MoacHocTb  HcnojibsoBaHHH  mnpoKoro  KJiacca  MeTonoa  pac- 
no3HaBaHHH  o6pa30B  ojih  peuieriHH  paajiH^iHbix  HaynHbix  h  npHKJiaflHbix  3a- 
aan. 

3agana  HccjieflOBaHHn  coctoht  b  y cTano Ba e h h h  HanSojiee  HHtJjopMaTHB- 
Hbix  pe30HaHCHbix  nacTOT,  xapaKTepHbix  jinx  aHajiH3HpyeMoro  oGbeKTa,  h 


B.CaflOBHHnHH  h  ,ap. 


H3yneHHH  HX  npOCXpaHCXBCHHOrO  H  BpeMeHHOro  H3MeHeHH4.  npH  3TOM, 
c4HXbiBaxbc»  Moryi'  He  xojibKo  xeKymne  xapaKTep  hcxhkh ,  cooxBexcxByioiHHe 
MOMeHTy  cbeMKH,  ho  h  ocpeBHeHHwe  BejiHHHHbi,  HanpHMep,  cpeaHCMecflH- 
Hbie  hjih  cpe/meroBOBbie;  peTpocneKTHBHbie  cocxohhhb,  cooxBexcxByromHe 
npomeziniHM  BpeMeHHbiM  MOMeHTaM  h  HHxepBajiaM,  a  xaicxce  npomo3Hbie 
opeHKH  oxcuflaeMoro  pa3BHTHH  coOmxhh  b  SyayineM. 

TlpeziMexoM  HCCiieflOBaHHa  Moryx  cjijoKHib  KaK  oxflejibHbie  nacxHbie  xa- 
paKxepHcxHKH  aHa.xH3HpyeMbix  oSbeKxoB,  xaK  h  hx  cHcxeMHbie  coBOKynHo- 
CXH.  K  npHMepy,  BaHHbiii  ivrexofl  Hcnojib30BaJica  aBXOpaMH  Ha  npHMepe  Bbi- 
MBjreima  h  KapxorpatjjHpoBaHHH  chcxcmhoh  cm HxexmiecKOH  xapaKxepHcxn- 
kh  —  cxeneHH  h an p axce hh ocxh  3KojiorH4  ecKOH  o6cxaHOBKH  mux  pa3jiH4Hbix 
xeppHXOpHH.  B  sxom  cjiynae  xapaKxepHcxHKH,  c  MaxepnajioB  /fflcxaunnoH- 
Horo  30HflMpoBaHMH,  coBMemaioTCH  co  MHorHMH  BpyraMH  Kapxorpa^HHe- 
CKHMH,  CXaXHCXHHeCKHMH  H  HHbIMH  BaHHbIMH. 

K  npHMepy,  mix  xeppnxopHH  HoraHCKoro  panoHa  Mockobckoh  o6jiacxH 
b  1994  r.  6biJio  npoBe^eHO  HccjieflOBaiiHe  HanpJDKeHHoexH  coBpeMeHHon 
3KOj[orHHecKOH  oGcxaHOBKH,  ee  pexpocneKXHBHoro  H3MeHCHH4,  nanraiaa  c 
1900  r.,  h  ziana  nporaosHaa  oneHKa  cocxohhhh  Ha  2000  r.  npH  sxom  ynn- 
xbiBajica  ypoBeHb  ocBoeniiocxH  h  3acejieHHOCXH  xeppHXOpHH  paiioHa,  pa3- 
BHxne  npoMbinijreHHocxH,  xpaHcnopxa,  cejibCKoro  xo34HcxBa  h  Bpyrax  ox- 
paCJieM  3KOHOMMKH  H  CCjjepbl  oOcjiyXCHBaHHH  H  HX  BJIHHHHe  Ha  HanpJDKeH- 
HOCTb  SKOJIOrHHeCKOH  o6cxaHOBKH. 

B  pacnex  xaxxce  npHHHMajica  ypoBeHb  aHxponoreHHoro  H3MeHeHH«  h  3a- 
rpH3HeHHH  KOMnoneHXOB  jiaHBina^xa,  b  xom  4HCjie  axMoccfjepHoro  Box/xyxa, 
noBepxHocxHbix  m  nonxeMHbix  bob,  nonBCHHoro  h  pacxHxejibHoro  noKpoBa. 
KpoMe  xoro,  b  anajiH3  BKjnonaxHCb  caHHxapHO-snHBeMHOJiorHnecKHe  xa- 
paKxepHcxMKH  xeppHXOpHH,  yciHXbmaa  3a6ojieBaeMocxb  Hacejiemw  h  ee 
npHpOflHyiO,  COHHajIbHO-3KOHOMHHeCKyiO  HJIH  3KOJ10rH46CKyiO  oOyCJIOB- 
JieHHOCXb. 

OxMexHM.  Hxo  o6mne  xapaxxepHcxHKH  HanpflxeHHocxH  sKOBoranecKOH 
oOcxaHOBKH  He  Moryx  6bixb  nojryneHM  nyxeM  npocxoro  cyMMHpoBaHHH  4a- 
cxHbix  noKa3axejieH,  HanpHMep,  bcjih4hh  3arp>i3neHMa  KOMnoHeHxoB  cpe- 
abi,  xax  KaK  cyMMa  xaKHX  BejiH4HH  He  oxpaxcaex  MexaHH3Ma  h  pe3yjibxaxoB 
peajibHbix  B3aHMOfleHCXBHH,  HaOjTfOAaeMbix  b  H3y4aeMOM  xeppHXopHajibHOM 
npHpOBHO-XOBHHCXBeHHOM  KOMH/ieKCe, 

npexcue  Bcero  mix  nojiynenMH  HHxerpajibHbix  ohchok  c  noMombio  Be- 
mH(j)pHpOBaHH4  naHHbix  A 33  bojdkhbi  6wxb  ycxaHOBJieHO  nepBOHanajibHoe 
cocxoHHHe  npHpoflHbix  KOMnji eKcoB ,  Koxopoe  6bi/io  bo  Hanajia  xo34HcxBeii- 
Horo  ocBoeHHH  xeppHXOpHH.  3axeM  npocjiexcHBaexca  cxeneHb  aHxponoreHH- 
Horo  h  npnpoBHoro  H3MeneHH4  npexcHHX  npHpo/iHbix  KOMnji  eKcoB  (bkjiio- 
4aa  MHoroo6pa3He  bhbob  4ejioB64ecKOH  jneaxeubHocxH,  pa3Hoo6pa3He  cf>opM 
Hcnojib30BaHH4  3eMenb  h  t.b.)  h  MHoroo6pa3He  peaKHHH  npnpoBHOH  cpeBbi 
Ha  amponoreHHbie  BoaaeMcxBHM. 

B  peayabxaxe  npoBeaeHHbix  HecaeaoBaHHH  Ha  xeppnxopHio  HoraHCKoro 
panoHa  6buia  cocxaBJieHa  cepna  3KcnepHMeHxajibHMx  pa3HOMacinxa6Hbix 
Kapx  HHxerpajibHOH  oneHKH  HanpJDKeHHOCXH  sKoaonmecKoii  oScxaHOBKH 
Ha  xeppHxopHH  panoHa  c  HcnojibxoBaHHeM  10-6ajuibHOH  niKajibi.  3a  Hyjib 


B.Ca/IOBHH4HM  H  Bp. 


SajuioB  npHHHMajica  HanSojiee  SaaronpHHTHbiH  b  SKoaornnecKOM  oTHorne- 
hhh  ypoBeHb  coctohhhh  ripuponHOH  cpeaw  (k  HeMy  npHSjnrscaioTCii  mho- 
rae  npHpoflHbie  KOMiuieKCbi,  He  HcnbrraBUiHe  aHTponoreHHoro  H3MeHeHH5i). 
3a  10  SajuioB  npuHHMaaca  MaKCHMaabHbiH  ypoBeHb  HanpBDKeHHOCTH  sko- 
JIOrif'ieCKOH  oGcTaHOBKH,  npH  KOTOPOM  )KH3He/I,eHTejT  bHOCTb  HejIOBeKa  He- 
B03M0>KHa  (HanpHMep,  3ona  MaKCHMajibHoro  paanoaicraBHoro  3arp5i3HeHMM, 
3KOjiormecKaa  o6ciaHOBKa  b  xcepae  aencTByiomero  ByjiKaHa  h  t.ji.). 

06i>eKTHBHocTb  3THX  KapT  6biaa  npoBepeHa  nocji eayiomHMH  nojieBbiMH 
aHajiH3aMH  3arp«3HCHi'M  noHB,  aTMOccJiepHoro  BOiayxa,  noBepxnocTHbix  h 
nOfl3eMHbIX  BOfl.  BblJIH  yCTaHOBJICHM  ynaCTKH  KpH3HCHOH  3KOJIOrEReCKOH 
cHTyaiiHH,  MaTepnajibi  H3yaeHHa  KOTOpwx  Sbuih  riepeaaiibi  b  aaMHHHCTpa- 
ipno  paftoHa,  npaBHTejibCTBo  Mockobckoh  oGjiacm  m  MHHSKOjioraH  Poc- 
CHH. 

OTMeTHM,  HTO  Ha  KapTaX  ptl3HbIX  MaCIHTaSoB  SblJIH  BbMBJieHbl  COTHH 
KojibneBbix  cTpyKTyp  c  30HajibH0-B0jiH0BbiM  xapaKTepoM  KoaeSaHHH  Ha- 
np»KeHHOCTH  3KOJIOrHlieCKOH  oScTaHOBKH.  HajIIBIHe  TaKHX  KOJIbpeBbIX 
crpytayp  nopTBep/iHJio  Sojibnryio  pojib  npopeccoB,  npoTeKaioiUHX  b  reojio- 
runecKOH  cpeae,  b  (JjopMHpoBaHHH  Hanp*DKeHHocTH  aKoaoraaecKOH  o6cTa- 
hobkh  h  HeoOxo^HMocTb  hx  npHCTajibHoro  H3yqeHH5i  h  ynexa. 

OnTHMajibHbiM  6bui  npH3HaH  noaxoa,  b  kotopom  nepBbiM  3TarioM  chc- 
TeMHOrO  KOMnblOTepHOrO  aeiHiajjpHpOBaHHJI  CJiyXCHJI  H3TOX<eHHbIH  Bbirne 
cTpyKTypoMexpHqecKHH  aHajiH3  KoabneBbix  CTpyKTyp.  npH  TaKOM  noaxoae 
BblHBJieHHe  pe30HaHCHbIX  MaCTOT  SJieKTpOMarHHTHOrO  H3JiyHeHHB  npHpoa- 
Hbix  oStjCktob,  (J)HKCnpyeMoro  b  MaTepnaaax  ancTaHUHOHHoro  30Hanp0Ba- 
HHSC,  n03B0Jl«eT  yTOTHHTb  H  flOnOJIHHTb  pe3yjIbTaTM  HayqeHHM  KOJIblieBbIX 

cTpyicryp. 

TaKaa  KOMiuieKCHaa  MeroaHKa  6buia  onpoSoBana  Ha  npHMepe  coanaHHa 
no  MaTepnajiaM  aapoKOCMHaecKOH  cbeMKH  KapT  nporao3a  3ajiexcen  Hecjnn 
h  ra3a,  MeTajuimiecKHX  h  apyrnx  noae3Hbix  HCKonaeMbix  b  pa3Hbix  panoHax 
3eMJiH.  3th  paOoTbi  npOBoanaHCb  b  rpn  cTaaHH,  Ha  Kaxcaon  H3  KOTOpbrx 
ocymecTBJiHTOcb  yxoaneHHe  h  aexaaH3anHa  H3MepeHHH  nccaeayeMbix  na- 
paMeTpOB.  npoHTJiiocTpHpyeM  xoa  pa6oT  Ha  npHMepe  xapaKTepHCTHKH  3a- 
aexcen  pya  TepHbix,  HBeTHbix  h  6aaropoaHbix  MeraJUioB. 

Ha  npegBapHTejibHoil  cxaaHH  HccaeaoBaHHH  ocymecTBaaeTca  MejiKOMac- 
uiTaSHbiH  nporao3  h  npeaBapnreabHoe  pernonajibHoe  KapTorpacj5HpoBaHHe 
nccaeayeMbix  TeppHTOpHH  c  neabio  BbiaBjieHHH  h  npoMbiinaeHHOH  oneHKH 
3aaexcen  MeTajiT m  a e c khx  pya.  HcxoaiibiMH  aanubiMH  npn  stom  cayxcaT:  c|)o- 
TorpacJ)HHecKHe,  CKaHepHbie  h  HHbie  KocMHnecKHe  chhmkh  (nepHO-6ejibie, 
UBeTHbie,  cneKTpo30HajibHbie  h  T.a.),  HanpHMep,  noayaeHHbie  c  noMouibio 
annapaTypbi  MCY-CK,  cnyTHHKa  “Pecypc-0”  [5-7],  a  TaKxce  o6mereorpa- 
4>HMecKHe  h  reoaornrecKHe  KapTbi  b  MacniTaSe  1:  200  000  —  1:1  000  000. 

Ha  3TOH  CTaaKM  npOBOTHTCH: 

1.  06 max  oneHKa  nepcneKTHB  MeTajuroHOCHOcTH  paccMaTpHBaeMOH 
TeppHTOpHH  c  npeaBapHTejibHOH  xapaKTepHCTHKOH  o6uien  BeaHHHHbi  npo- 
mosHbix  3anacoB  pyabi  (jxth.  t)  h  MeTaaaoB  (tmc.  t.  Kaxaoro  MeTaaaa  b 
py^e). 


B.CaaOBHHTHH  H  ap- 


2.  nporao3  nepcirieKTHBHbix  naoinaaeii  3ajieraHiw  pya  MexaaaoB 
(nepBaa  nxepamitf)  c  xapaKxepHcxHKOH  no  jcaaaow  naomaan: 

oObeMOB  3anacoB  pyabi  (mjih.  t)  h  MeTajiJioB  (twc.  t  Kaamoro  Me- 

Tajuia  b  pyae);  o 

-  nrySMUbi  3ajieraHwa  (oxnocnxea bHon  h  aocoaioxHOH)  KpoBjrn  pya 

HbIX  T6JI  (M); 

-  mnpHHbl,  ZUIHHbl  H  MOmHOCTH  pyflHbIX  xeji  (m); 

-  coaepacaHixa  MexaaaoB  b  pyaHOM  xeae  (%). 

Ha  cxaaHH  jmneH3wpoBaHHg  yqacTKOB_npQH3BOflHTC5i  yroHHeHHe  n  ae- 
TajiH3anna  aamibix  npeabiaymeii  cxaaHH  aHajiH3a  m a  HanSoaee  nepcneK- 
THBHbix  H3  BbWBJieHHbix  nporH03Hbix  yaacxKOB  3aaeraHHH  MexaaaHaecKHX 
pya.  HcxoaHbiMH  aaHHMMH  npn  3TOM  cayacax:  <|)oxorpac[)HHecKHe,  cicaHep- 
Hbie  h  HHbie  aapoKocMH'iecKHe  chhmkh  (aepHO-Seabie,  UBeTHbTe,  cnetcrpo- 
30HaabHbie  h  x.a-)i  noaynaeMbie  c  noMombio  annapaxypbi  MCY-3,  criyxHH- 
Ka  “Pecypc-0”  h  ap-  [5-7],  xonorpac])HHecKHe  n  reoaoraaecKHe  KapTbi  b 
MacwxaSe  1:  50  000  —  1:  100  000. 

Ha  3Toh  cxaaHH  npoBoanTCH  BTopaa  HxepapHa:  npomo3HOH  oneiiKH 

aaaexen  pya  MeTaaaoB  c  xapaKxepHcxHKOH: 

KoopanHax  rpaHHU,  yaacxKOB  xaaeraHHH  pya  c  npoMbiniaeHHbiM 

coaepacaHneM  MexanaoB; 

-  o6beMOB  aanacoB  pyabi  (xuih.  x)  h  MexaaaoB  (xbic.  x  Kaacaoro  Me- 
xaaaa  b  pyae); 

-  rayOnHbi  3aaeraHHfl  (oxnocHxeabHOH  n  abcoaioxHOH)  KpoBan  pya- 
Hbix  Tea  (m); 

-  nrapHHbi,  aanHbi  n  moiiihocxh  pyaHbix  xea  (m); 

-  coaepacamra  MeTajiaoB  b  pyaHOM  Teae  (%); 

-  KaaecTBa  pyaHoro  cwpba  (coaepacarow  b  %  noae3Hbix  n  BpeaHbix 

npHMecen). 

Ha  rTfmHn  npoBeacima  aexaabHbix  pa3BeaQHHbix  pa6ox  yxoaeaioxca 
yaacxKxi  npoBeaexnxa  nep booh  ep eaHbi x  noaeBbix  onpoObiBaHHH,  nporH03H- 
pyioxca  Mecxa  OypeHHJi,  xaioiaaKH  inaxxHbix  cxBoaoB  h  x.n.  HcxoaHbiMH 
aaHHbiMH  npn  3X0 m  cayacaT  4>oTorpa4)nnecKHe,  cKanepHbie  h  HHbie  aspo- 
chhmkh  (nepHo-6eabie,  u,BexHbie,  cneKxpo30HaabHbie  h  x.a>)?  HanpHMep, 
noayaaeMbie  c  noMombio  annapaxypbi  MK-4,  KOA-1000,  cnyxHHKa 

“Pecypc-O”  [8-9],  xonorpa^HaecicHe  h  reoaoranecKHe  KapTbi  b  MacmxaOe 
1:  5  000  -  1:  10  000. 

Ha  axon  cxaaHH  npoBoanxca  xpexba  Hxepanjra  nporao3HOH  ouchkh 
pyaHbix  xea  h  OaoKOB  c  xapaKxepncxHKOH: 

-  yxoTmeHHbix  KoopanHax  rpaHHix  npoMbiinaemibix  3aa  eaten  no  Ka- 

acaoMy  xeay  (6aoKy); 

-  oSbeMOB  3anacoB  pyabi  (MaH.  x)  h  MexaaaoB  (xbic.  x  Kaacaoro  Me- 
xaaaa  b  pyae); 

-  rayOnHbi  3aaeraiina  (oxxiocnxeabiion  h  abcoaioxHOH)  KpoBan  pya¬ 
Hbix  xea  (m); 

-  niHpHHbi,  aainibi  h  moiuhocxh  pyaHbix  xea  (m); 

-  coaepacaHHa  MexanaoB  b  pyaHOM  xeae  (%); 


B.CaaoBHHnHH  h  ap- 


Ka’ieciBa  pyanoro  cwpba  (coaepacamra  b  %  nojie3Hbix  h  BpeaHbix 
npHMecen). 

KpoMe  xoro,  Ha  aaHitoit  CTaaHH  BbinoaroieTcfl  xapaKTepHCTHKa  skojio- 
ro-reocJ)H3HHecKHX  ycaoBHH  yaacTKOB  3aaeraHHH  pya  MeTajuioB  (c  yaeTOM 
bjihmhim  pa3JioMOB  h  reoiiaToreHHbix  cTpyicryp,  Himwimi  aoicaabHOH  ceiic- 
mhhhocth,  reoxHMKraecKHX  aHOMaaHH  h  ap.) 

Oco6wh  cayaafi  npeacTasaaeT  aopa3BeaKa  OKcnavaTHpoBaBiiiHXCii 
MecTopoxcaeHHH.  aaa  KOTOpbix  HMeroTca  aaHHbie  paHee  BbinojiHeHHbix  06- 
cjie/ioBaHHM.  Heo6xoaHMocTb  npoBeaeHHH  HccaeaoBaTeabCKHX  pa6or  Ha  xa- 
khx  MecTopoxcaeiiwax  B03HHKaeT  b  cayaae  nporao3HpoBaHna  hobwx,  paHee 
He  H3BecTHbix  3ajiexceH  pya  MeTajiaoB. 

HcxoaHbie  aaHHbie  Ha  CTaaHH  aopa3BeaKH  npeacxaBaaiOT:  tfioxorpa- 
cjiHaecKMe,  cKaHepHbie  h  HHbie  aapocHHMKH  KOCMitaecKHe  chhmkh,  noay- 
aaeMbie  c  noMonibio  annapaTypw  cnyTHHKa  “Pecypc-O”  h  ap-  [8-9]  (aep- 
HO-6eawe,  hbcthuc,  cneKTp030HaabHbie  h  T.a.),  Tonorpac|)H4ecKHe  h  rop- 
HO-reoaontaecKHe  KapTbi  h  luiaHbi  b  MacurraSe  1:  5  000  h  KpynHee. 

Ha  3TOH  cTaaen  HpOBOaHTCH: 

1.  nporao3Haa  oueHKa  bosmoxhocth  oGHapyaceHtra  HOBbix  pyaHbix 
Tea  h  6aoKOB  (Ha  caMOM  3KcnayaTHpoBaBineMca  MecTopoacaemtH  nan 
B6aH3H  ero)  c  xapaKTepHCTHKOH: 

-  KoopaHHax  ipaHHH  HOBbix  npoMbiiiiaeHHbix  3aaeacen  no  Kaa<aoMy 
Teay  (6aoKy); 

-  oObeMOB  3anacoB  pyaw  (MaH.  t)  h  MeTaaaoB  (tmc.  t  Kaaqioro  Me- 
Taaaa  b  pyae); 

-  rayOnHbi  3aaeraHna  (oTHQCHTeabHoit  h  aGcoaioTHOH)  KpoBan  pya¬ 
Hbix  Tea  (m); 

-  iimpHHW,  aaHHbi  h  MoiifHocTH  pyaHbix  Tea  (m); 

-  coaepacanna  MeTaaaoB  b  pyaHOM  Teae  (%); 

-  KaaecTBa  pyanoro  cbipba  (coaepaeamw  b  %  noae3Hbix  h  BpeaHbix 
npHMeceH). 

2.  XapaKTepncTHKa  3Koaoro-reo(|»H3H4ecKHX  ycaoBHH  hobwx  yaacT- 
kob  3aaeraHHa  pya  MexaaaoB  (c  yaeTOM  eanaHHa  pa3aoMOB  h  reonaToreH- 
hwx  cTpyKiyp,  Haa mnty  aoKaabHoft  ceitcMHaHOCTH,  reoxHMHaecKHX  aHOMa¬ 
aHH  h  ap.) 

npHBeaeHHaa  cxeMa  KoivtnbioxepHoro  aeniHcJjpHpoBaHHfl  aaHHbix  /)33  hb- 
jiaexca  aoBoabHo  yHHBepcaabHOH.  K  npHMepy,  oHa  coxpaHHaa  cboh  aepTbi 
npn  nporao3HOM  HccaeaoBaHHH  3aaeaceii  Hecjyra  h  ra3a  b  pa3Hbix  paitoHax 
3eMHoro  rnapa.  B  cooxBeTCTBHit  co  cTaaneH  aHaaim  a aa  iiec])Te-  h  ra3o- 
hochwx  naacTOB  ycTanaBaHBaaHCb  nporao3Haa  MomHocTb  npoayKTHBHbix 
naacTOB,  coaepacamie  b  hmx  Hecfmt  h  ra3a,  KaaecTBeHHbie  h  KoaitaecTBeH- 
Hbie  napaMeTpw  yraeBoaopoaHoro  cwpba. 

Ha  nepBOH,  HaaaabHoit  cTaaHH  npH  stom  ocyinecTBaaaca  MeaKOMac- 
inxaGiibiH  nporao3  h  npeaBapHTeabHoe  pernoHaabHoe  KapTorpacJatpoBaHHe 
HccaeayeMbix  TeppHTOpHH  c  neabio  BbiHBaeHHH  h  npoMbmiaeHHOH  oneHKH 
3aaeacen  Hecfyra  h  ra3a. 

Ha  BTopoit  CTaaHH  npoBoanaocb  cpeaHeMacuixaOHoe  nporao3Ho- 
oneHOHHoe  KapTorpacJiHpoBaHHe  paHOHOB  npeanoaaraeMoit  KomieHTpaiiHH 


B.CaaOBHHHHH  H  aP- 


npoMMinjieHHbix  xaaexen  Hecfixn  h  ra3a  ft  ycxaHOBaeime  ochobhlix  kojih- 
HecTBeHHbix  xapaKxepncxnK  3THX  3aaeaten. 

Ha  xpexben  cxaann  ocymecxBaaaca  nepexoa  k  KpynHOMacurraSHOMy  aHa- 
jiH3y  aapoKOCMiwecKHX  chhmkob  BbicoKoro  pa3pemeHna  Ha  xeppnxopHH 
nporao3HpyeMoro  3aaeraHHa  HanGoaee  KpynHbix  Hecjyrera30Bbix  cxpyKxyp, 
cocTaBjieHHio  Kapr  nporao3HOH  iijiothocth  3anacoB  yraeBoaopoaHoro  cbi- 
p bn  ii  reojiorHHecicHX  pa3pe30B,  OTpaxcaiomHX  rjiySHHbi  3aa eraiiHa  HecJxxH  ft 
ra3a,  Bkaionan  npoMbinuieHHbie  n  HenpoMbimaeHHbie  ruiacTbi  ft  iuiacTbi  c 
Hecjyre-  h  ra3onpoHBjreHiMMH. 

Ha  nocaeayionpix,  3aBepinaK>mnx  cxaanax  pa6oT  no  aaHHMM  aapoKocMH- 
necKOH  cbeMKM  onpeaeaflioxca  peKOMeiiayeMbic  Mecxa  3ajio>xeHna  Hetfna- 
HblX  H  ra30BbIX  CKBaXOHH,  CJTOXCHOCTb  ycjIOBHH  Gypenna  no  BepTHKajIbHOMy 
npocjauno,  ropHo-reojTornaecKHe  xapaKxepncxHKH  nec|)xe-  ft  ra30H0CHbix 
miacTOB,  a  xaioxe  nporoBoanxca  oaemca  aKoaornqecKHX  n  nnraceHepHbix 
ycjioBun  npoeKTHpoBaHHH,  cTpoHTejibCTBa  n  sKcnayaxaunn  CKBaxHH,  npo- 
KJiazcKH  xpyGonpoBoaoB  n  ap- 

3.  Pe3yjihTam  h  ncpcncK th bm. 

Mojkho  caeaaxb  oGiuhm  BbiBoa,  nxo  b  coBOKynHOCTH  06a  H3jro>Kemibix 
Bbime  rroaxoaa  no3Boa«iox  BbiaBHXb  n  no-HOBOMy  oGbacHHXb  3HaqHxeabHyio 
aHctxtjepeiinnannio  HroxeHepHO- reoaoranecKHX  ft  hhwx  cbohcxb  cTpoeraw 
3eMHon  Kopw,  Bi-cjiionaa  noaoacemie  30H  ynjioTHeHna  n  pa3yruioTHeHHa 
oca/ioqHbix  reojiornqecKHX  nopoa,  3ajieacen  Hecjxxn,  ra3a  n  apyrnx  nojie3Hbix 
MCKonaeMbix,  npoaBJicune  TaKHX  onacHbix  5ibjichhh  kbk  KapcT,  cojihc})jik)k- 
una,  onoji3HH  ft  x.a. 

Mcnojib3ya  aamiyio  MexoanKy  yxe  Ha  3Tane  npoeKTHbix  paGox  noaBJiaex- 
cji  B03MoacHocxb  Goaee  oGocnoBano  BbiGnpaxb  Mecxa  3ajio5KeHna  KOHxpojib- 
HO-pa3BeaoaHbix  ft  npoMbinuieHHbix  GypoBbix  cKBaxwn  c  ynexoM  mhhhmh- 
3an;HH  ymepGa  npnpoaHoii  cpeae,  jiynninx  noKa3axeaen  reocJjnamiecKHx  no- 
jien  n  x.a. 

npeBBapnxejibHbie  anpoGannxi  Mexoaa  noKa3ajin,  nxo  KaaecxBO  n  Koanae- 
cxbo  BbinejieHHbix  KOJibneBbix  cxpyKxyp,  xapaKxepncxnKH  cocxaBa  ropHbix 
nopoa,  uiySnHHoro  npocfnnui  GajieraHHH  nojie3Hbix  HCKonaeMbix  n  zipyrnx 
napaMexpoB,  cymecxBeHHO  3aBncax  ox  npocxpancxBeHHoro  paspeinennH  n 
KojnmecxBa  cneKXpajibHbix  3oh  h  flnana30H0B,  ncnoab3yeMbix  juft\  aHaanaa 
KocMHnecKon  HHc|)opMannH.  YjiyqmeHHe  npocxpaHCTBeHHoro  n  cneicxpaab- 
Horo  paapcinennH  oGecnennBaex  BbWBaemie  Goaee  xohkhx  cxpyKxyp,  a, 
caeaoBaxejibHo,  noBbimaex  kbk  KaaecxBo  nporao3a,  xaic  n  ero  aocxoBep- 

HOCTb. 

YHHKaJIbHOCXb  MeXO^HKH  33101  JOMaeXCB  B  XOM,  HXO  C  OflHOH  CXOpOHbl  OHa 
He  HMeex  MnpoBbix  aHaaoroB,  a  c  apyroii  cxopoHbi,  no  cbohm  sKOHOMnae- 
ckhm  noKa3axeaaM  OHa  Ha  necKoabKo  nopaziKOB  stJj^eKXHBHee  Bcex  cyme- 
cxByromnx  MexoaoB,  HcnojTb3yK)mHX  rpaBnxannoHHyio,  cencMimecKyio  n 
MarHHXHyio  paaBeaxy,  a  xaKxe  noncKOBoe  GypeHnc. 

Hcnoabiya  (JjaKxnqecKH  xojibko  aaHHbie  A3 3  aaxce  Ha  Hen3BecxHyio 
(npeaBapnxeabHO  HeHa^ieimyio)  xeppnxopnio,  HHxepecyioinyK)  3aKa3HHKa, 


B.CaaoBHHqnn  n  ap. 


mojkho  BecbMa  onepaTHBHO  naxt  nporao3  Haanana  rioxeHHHaabHbix  pecyp- 
cob  He<J)TH,  ra3a  hjih  apyrnx  noae3Hbix  HCKonaeMbix,  opeHHXb  o&beMbi, 
rayOHHy  3aaeraHHH  h  /xpyrae  napaMeTpbi  MecTopoxcueHHH  noae3Hbix  hcko- 
naeMbix,  BKjnoaaa  caojKHocxb  ycaoBiiM  6ypeHH»  no  BepTHKajibHOMy  npocfM- 
jtk).  KpOMe  Toro,  oco6yio  3HaaHMOCXb  npnoOpexaex  peKOMenayeMoe  pa3Me- 
meHne  SypoBbix  cKBaxanH,  onpeaeaaeMoe  c  yaexoM  nroKeticpeo- 
reoaoraaecKHX,  HHxceHepHO-reoMopcf)ojiornqecKiix  n  OKOjioro- 
reo4)H3HHecKHx  napaMeTpoB  yaacnca  (c  yaexoM  BJinaram  pa3jioMOB  h  reona- 
Toreimbix  cTpyicryp,  Hajimnw  aoKaabHoii  ceiicMHHHocxH,  reoxuMHaecKHX 
aHOMajIHH  n  ap-)- 

McKjnonHTejibHo  BaacHO,  axo  sth  opemcn  n  nporno3bi  moxcho  noayaaxb 
He  Bbiesxca#  Ha  mccthoctb  aaa  npoBeaeHHH  nojieBbix  HccaeaoBaHHH  n  He 
npnOeraa  k  pa3BeaoanoMy  6ypeHHio  cKBaaaiH,  HHCTpyMeHTajibHOMy  reoxn- 
MimecKOMy  aHajiH3y,  ceiicMHaecKOMy  hjih  HHOMy  reo<J)H3HaecKOMy  30Han- 
poBaHHio.  TeM  caMbiM  3HaanxeabHO  yMeHbiiiaioxcH  cpoKH  npoBeaeHHH  hc- 
caeaoBaHHH  o6beKTOB  ropHOH  npoMbiuuieHHocTH,  HCKJHonaFOTca  cayaan  3a- 
rpa3HeHHH  OKpyxcaiomeH  cpeabi,  coKpamaioxca  pacxoaw,  CBH3aHHbie  c  pa3- 
BeaOHHMMH  pa6oTaMH. 

npezmaraeMbiii  Mexoa  oOHapyaceHna  HcciyreraaoBbix  MecxopoagjeHHH  a  3a- 
jiejKen  .apyrnx  nojie3Hbix  HCKonaeMbix,  aBaaacb  aabrepHaxHBoii  HaaeMHbiM 
MexoaaM,  npoBOflaniHMCM  Ha  mccxhocxh  Ha  6a3e  KOMnaeKca  reoaoropa3Be- 
ZioHHbix  pa6oT,  3HaanxeabHo  6oaee  skohomhh  eH .  TaK  paaBeaKa  yaacxKa  3a- 

jieraHHii  HecJrrH  h  ra3a  naomaabio  25  km-  oObFiHO  xpeSyex  ao  30  paxBeaoa- 
HblX  CKBaXCHH  oSlIieH  CXOHMOCXbK)  50-60  MJIH.  aOJUiapOB,  B  XO  BpeMB  KaK 
3axpaxbi  Ha  pa3BeaKy  xoro  ace  yaacxKa  npeaaaraeMbiM  MexoaoM  Ha  oahh- 
aBa  nopaaKa  MeHbine.  OxMexHM,  axo  pac cMoxp eHHaa  MexoaHKa  anpo6Hpo- 
BaHa  h  noaroxoBjiena  aaa  pemeHHa  npoH3BoacxBeHHbix  3aaaa. 

OcoOchho  neHHo,  axo  6c3  npoBeaeHHB  noaeBbix  h  pa3BeaoaHbix  pa6ox  Ha 
MecxHoexH  mojkho  3apaHee  onpeaeaaxb  xaKHe  BaxcHbie  napaMexpbi  KaK  3a- 
nacbi  cbipbii,  rayOHHbi  3aaeraHim  hccJjxh  h  ra3a  aaa  npoMbimaeHHbix  h  He- 
npoMbinuieHHbix  naacxoB,  naoxHocxb  nopoa-KoaaeicxopoB  h  apyrne  aaH- 
Hbie,  HeoOxoaHMbie  aaa  oicoHOMna ecKOH  opeHKH  3cf)c})eKXHBHOcxH  oKcnaya- 
xaniiH  aaHHoro  Mecxopoacaemra. 

HeoSxoanMo  noaaepKHyxb  ente  oaHo  nojio>KHxeabHoe  KaaecxBo  Mexoan- 
kh:  k  nacxoameMy  BpeMeHH  oHa  yace  3HaanxeabHo  npoaBHHyxa  b  cboch 
pa3pa6oxKe  n  npoinaa  aocxaxoano  cepbe3Hyio  anpo6an,Hio  Ha  npHMepe  paaa 
XeppHXOpHH  PoCCHH  (MoCKBa  H  IIoaMOCKOBbe,  KajlHHHHrpaaCKa  h  06- 
jiacxb),  BocxoMHoro  KaxaxcxaHa,  CIIIA,  KaHaabi  h  ap. 

no  3aKa3y  paaa  oxeaecxBCHHbix  h  3apy6ea<Hbix  KOMnaHHH  6biao  npoBeae- 
ho  aexaabHoe  nporH03Hoe  Kapxorpat})HpoBaHHe  HHxepecyiomHx  hx  xeppnxo- 
pHH,  noaxBepaHBmee  yxce  o6Hapy»:eHHbie  3ajiexcH  h  BbiaBHBinee  HOBbie  yaa- 
cxkh  h  ropH30HXbi  3aaerattna  HecjjxH,  3oaoxa  n  apyrnx  pya  h  MHHepajioB. 


EopTQBQH  reojioropaaBeaoaHbiH  cneKXpoMexpnaecKHH  KOMnaeKC. 


B.CaaoBHiraHH  h  ap- 


HaAmrae  OoAbinoro  noxeimnaAbHoro  pwHKa  3aKa3HHKOB  Ha  peayAbxaxbi 
cneu,HajiH3HpOBaHHOH  KOMHbiOTepHOH  o6pa6oTKH  flaHHbix  $33,  npexAe 
Bcero  npoAyKHHH  reoAoropa3BeAOH hoh  kocmhacckoh  HHcjjopMaiiHH,  no3Bo- 
jijieT  oGpaTHTb  oco6oe  BHHMaHHe  Ha  noAyneHHe  AaHHbix  $33,  nojiHocTbio 
oTBeqaiomHX  xpeSoBannAM  onucaHHoro  Bbinie  MexoAa  cxpyKxypoMexpiwe- 

cKoro  aHajiH3a.  u 

npopaSoTKa  axoro  Bonpoca  EOKa3ajia,  nxo  aah  othx  HejieH  hcooxoahmo 
co3jiaHHe  cneHHajiH3HpoBaHHbix  annapaTypHbix  BbicoKOKanecxBeiiHbix  cbe- 
MOAHblX  H  SblCTpOAeHCTByiOmMX  o6pa6aXhIBaK>mHX  KOMnjieKCOB,  OpHeHXH- 
poBaHHbix  Ha  Hcnojib30BaHHe  npeAAaraeMOH  MexoAHKH  cxpyKxypoMexpHHe- 
cKoro  aHajiH3a. 

CpaBHHBaH  B03M0XH0CXM  HCn0JIb30BaHHH  AaifflblX  aSpOCbeMKK  H  KOCMH- 
HecKOH  cbeMKH,  cpejiaH  bmboa,,  hto  npeflJiaraeMaB  MexoAHKa  oOecneMMT 
cymecxBeHHO  SoAburaii  3KOHOMHAecKHH  3^4>eKX  npn  ncnoAb30BaHHH  koc- 
MHMeCKOH  HH^OpMaUHH  $33.  UpH  3XOM  Heo6xOAHMO  yHHXbIBaXb,  MXO  HQU 
6oAee  BbicoKHe  npocxpancxBeHHoe  h  cneKXpajibHoe  paspeineHHH  6y^yx 
HMexb  KOCMHH6CKH6  chhmkh,  xeM  6oAee  xohkhh  aHajiH3  cxpyKxyp  3aJiera- 
hha  nopoA  h,  cooTBexcxBeHHO,  6oAee  xoHHbie  pe3VAbxaxbi  hccacaobahmh 
npupoAHbix  pecypcoB  (b  xom  AHCAe  nporH03  3anacoB  h  Apyrwx  xapaKxepn- 
CXHK  MHHepaAbHoro  cbipbA)  Aacx  paccMaxpHBaeMa*  MexoAHKa. 

Taxon  noAXOA  no3BOAHX  pernaxb  paanunubie  npHpoAHopecypcHbie  HapoA- 
Hoxo3AHcxBeHHbie  aaAanH  (b  xacxnocxH,  aaAann  pa3BeAKH  h  ou,chkh  3ana- 
COB  He<t)xera30Bbix  MecxopoxAeHHH  h  3aAexceH  Apyrwx  noAe3Hbix  HCKonae- 
Mbix)  OCHOBbIBaACb  XOAbKO  Ha  AaHHbIX  KOCMHBeCKMX  Ha6AK>A6HHH,  HCKAIO- 
HHB  HAH  cymecxBeHHO  COKpaXHB  AoporocxoamHe  H  MaAOnpOH3BOAHXeAbHbie 
reoAoro-pa3B6AOHHbie  h  ApyrHe  noACBbie  pa6oxbi. 

B  paMKaX  PoCCHHCKOH  (J)6AepaAbHOH  KOCMHAeCKOH  nporpaMMbl  c  1998 
roAa  npoBOAHXcfl  pa6oxbi  no  pa3pa6oxKe  reonoropaaBCAonnoro  SopxoBoro 
cneKxpoMexpHnecKoro  KOMiuieKca.  B  Hacxojupee  BpeMA  onpeAeAeHbi  npeA- 
BapHxeAbHbie  xpeSoBaHHA  co  cxopoHbi  HcnoAb3yeMoro  cxpyKxypoMexpHxe- 
cKoro  MexoAa  o6pa6oxKH  AaHHbix  $33,  npeAbABAAeMbie  k  SopxoBOMy  anna- 
paxypHOMy  [10]: 

-  cneKxpaAbHWH  AnanaaoH,  mkm  . . 

...  0,2  -  12,0 

-  cneKTpaAbHoe  pa3peineHHe  b  Anana30He  0, 2-0,9  mkm,  hm . 

.  1-5 

-  cneKxpaAbHoe  pa3pemeHHe  b  Anana30He  0,9-2, 5  mkm,  hm . 

6 

-  cneKxpaAbHoe  pa3peineHHe  b  Anana30He  2,5  -  5,5  mkm,  hm . 

.  40 

-  cneKxpaAbHoe  pa3peineHHe  b  AHanaaoHe  5,5  -  12,0  mkm,  hm . 

60 

-  yrAOBoe  paapeineHne  npn  MHoro30HaAbHOH  cbeMKe  b  AHanaaoiie 

0,2-12,0.mkm . . . 

....  He  GoAbine  20" 

-  yrAOBoe  pa3pemeHHe  npH  naHXpOMaxHxecKOM  cbeMKe . •  •  ■ 

.  He  OoAbine  5" 


B .  Ca aobhpwhh  h  AP- 


-  urapHHa  nojiochi  o63opa  npH  MH0r030HajibH0H  cbeMKe . 

.  .  3,0° 

-  urapHHa  nojiocbi  o63opa  npH  naHxpoMaTHaecKOM  CbeMKe  .  . . . 

.  1,0° 

-  oTKJioHeHHe  oiroraecKOH  ocii  KOMnjieKca  ot  Hazmpa 

B^ojib  Tpaccw  MKC . 

.  .  .  .  ±30° 

-  OTKJIOHeHMe  OOTHHeCKOH  OCII  KOMnJieKCa  OT  HaflHpa 

nonepeK  Tpaccbi  MKC . 

.  .  .  .  ±30° 

OrpaOoTKy  GoproBoro  reoji o rop a3Be,zio4 h o ro  cneKTpoMeTpraiecKoro  kom- 
rureKca  njiaHHpyeTCH  npoBo^HTb  Ha  GopTy  MexziyHapoziHOH  kocmhbcckoh 
CTaHUHH  (MKC). 

HccjienoBaHHe  KocMHHecKHX  Teji. 

OcoGoe  HanpaBJieHne  npeflJiaraeMoii  MexozraKH  cTpyKTypoMeTp HnecKoro 
aHajiH3a  aamihix  zmcTaHnHOHHoro  30HzrapoBaHHH  npeflCTaBjraeT  H3yneHHe 
pa3JIHHHbIX  KOCMHHeCKHX  TeJI  ”  lUiaHeT,  HX  CnyTHHKOB,  3BC3A.  3TO  CBH3aHO 
c  xeM,  hto  Ha  kocmhhcckhx  Tejiax  paaHbix  pa3MepoB,  BHyrpeHHeH  cTpyKTy- 
pw  h  arperaTHoro  coctohhhh  npoaBJiaeTca  o6pa30BaHHe  KojibpeBbix  cTpyK- 
Typ  h  HMeeTca  B03MoacnocTb  aHajiH3a  peaoHaHCHbix  nacTOT  sjieKTpoMaraHT- 
HOXO  H3Jiy4eHHB  HpHpOZIHblX  oGbeKTOB, 

yxce  nojiyneHbi  nepBbie  pesyjibraTbi  Hcnojib30BaHHH  CTpyKTypoMeTpHne- 
cKoro  aHajiH3a  KOjimeBbix  cTpyKTyp  npHMeHHTejibHO  k  no3HaHHio  npapoa- 
Hbix  oGbeKTOB  h  aBjieHHH  Mapca  m  ero  cnyTHHKOB,  Cojraija  h  zip. 

MeToaHKa  BbifflBjieHPie  peaonaHCHbix  nacTOT  h  cHcxeMHoro  aHajiH3a  ajieK- 
TpoM arHHTHoro  H3jiyqeHHa  npnpozrabix  oGbexxoB  no  jiaHH&iM  zracTamra- 
OHHOro  30HflHp0BaHH«  OnpoGoBaHa  npH  H3y4eHHH  npHpOflHbIX  oGl>eKTOB  H 
BHyTpeHHero  cTpoemra  JlyHbi.  OcTaHOBHMca  Ha  MeKOTOpbix  pe3yjibTaTax 
3THX  HCCJieAOBaHPIH. 

1 .  nojiyqeHbi  aaHHbie  o  paenpenejieHHH  yrjieBoaoponoB  h  bozp>i  b  npH- 
noBepxHQCTHbix  nopoaax  b  panoHe  KpaTepa  Kprorep.  yrjieBoaopoaw  h  Bozia 
aocTHiaioT  no  OTHocHTejibHOMy  co^epxcaHHio  cbohx  MaKCHMajibHbix  3Hane- 
hhh,  paBHbix  no  yrjieBOflopo,n;aM  —  0,089%,  no  Bozie  —  3,5%  b  TOHKax  BHyr- 
pn  Kpaxepa  Kpiorep. 

yMecTHO  OTMeTHTb,  hto  BnepBbie  4>aKT  oGHapyxceHHH  no  MaTepnanaM 
aHCTaHiPHOHHOrO  30IIJ3Hp0BaHH5!  yTJieBO^OpOflOB  H  BO^bl  Ha  JlyHe  H,  B  'iaCT- 
hocth,  b  KpaTepe  Kpiorep  Gbui  nyGjimmo  aojiojKCH  pocchhckhmh  yneHbi- 
mh,  b  t.h.  aBTOpaMH  Aoioiafla,  Ha  HayiHOM  ceMHHape  “ Car hto b c kh e  4Te- 
hhh-1996”,  npOBeaeiiHOM  b  Mfy  hm.  M.B.  JIoMOHOcoBa  28  HoaGpa  1996 
r.,  T.e.  noHTH  3a  Heziemo  zio  cooGmemw  HACA  C'lUA  06  oGHapyxceHHH 
jibfla  Ha  IOxchom  nojnoce  JlyHbi. 

2.  3aBepmeH  nepBbm  3Tan  HccjienoBaHHH  ctpochha  jivHHbix  Mopeir  n 
MacKOHOB  (mass  concentrations  -  KOHueHTpairaH  Macc)  b  3ajiHBe  Paziyrn, 
Mope  JIoxmeH  h  Mope  Hchocth  (pnc.  4).  3th  yqacTKH  JlyHbi  hbjihiotcb  hc- 


B.CaflOBHHMHH  H  Zip. 


TOHHHKOM  MOmHbIX  noaOXCHTeabHblX,  3a  HCKJIlOHeHHeM  MaCKOHa  B  3ajiHBe 
Paayrn,  rpaBHTannoHHbix  aHOMajiHH  peraoHajibHoro  xapaicrepa. 

FI OJiyH eHbl  ZiaHHbie  O  roiOTHOCTHOM  CTpOeHHH  JiyHHOH  JIHTOC(J>epbI  Ha 
npo(j)nae  1,  npoxo/iHLueM  aepe3  3ajiHB  Paayrn,  Mope  JJoacaeH,  Mope  Hcho- 
cth.  ftiiHHa  npocjwian  -  nopaaKa  2000  km.  PayGiffla  HH^opMauHOHiioro 
30HHHp0BaHna  —  120  km. 

BbWBJieHO  pacnpeaeaeiiMe  roioTHOCTH  ayHHbix  nopoa  Ha  npocjmae  2, 
ripoxoaaineM  Haa  MacKOHOM  b  Mope  ^oxaeit  /lamia  npotjaiaa  —  nopaaKa 
260  km.  DiySHHa  30HaHpc»BaHHa  -  800  km  (pnc.5). 

Ilo  pe3yjibTaTaM  aHCTaffljHOHHoro  30H/iHp0BaHna  nocTpoeHa  Moaeab  pe- 
rHOHajibHoro  pacnpeaeaeiine  moxHocTH  npnnoBepxHocTHbix  nopoa  b  pan- 
ohc,  BKJiKiMaiomeM  b  ce6a  3ajiHB  Paayrn,  Mope  /JoacneH,  Mope  Hchocth. 

CocTaBJieHa  KapTa  H3oaeHC  MacmiaGa  1:10  000  000  c  iiiaroM  0,25  t/cm  . 

H3  aHajiH3a  HH^opMaujiH  o  rjrySuHHOM  CTpoemni  JiyHHbix  Mopen,  h  b 
nepByio  oaepeab,  Mopa  ZJoyKaea  caeayeT,  hto  mbckoh  -  sto  MHoroypoBHe- 
Baa  ynopaaoaeHHaa  cHCTeMa  Macc,  BKaioaaiomaa  b  ce6a  coBOKynHocTb  He- 
npepbiBHo  pacnpeaeaeHHbix  aHOMaabHbix  Macc  (Ha  pnc.  5  -  ot  noBepxHO- 
cth  JlyHbi  m  rayGnHbi  140  km)  h  KOMnaKTHbix  HBoanpoBamibix  Tea,  pac- 
nojioaceHHbix  Ha  Goabiilux  rayGimax  (B  paitoHe  Mopa  /Joacneii  ohh  npo- 
caeaceHbi  Ha  rayGime  ot  200  ao  800  km). 

HaMSOjTblHHM  BKJiaa  B  aHOMdJIbHblH  rpaBHTaiJHOHHblH  3(M>eKT  MaC- 

kohom  Mopa  /JojKaeH  aaeT  Macca,  3ajieraiomaa  Ha  rayGroie  ot  80  ao  140 

km  co  cpeaHen  naoTirocTbio  3,75  t/cm^.  npn  stom  H36biToaHaa  naoTHocTb 

no  oTHomeHHio  k  noacraaaiomHM  nopoaaM  aocraraeT  1,4  t/cm  . 

Ha  rayGmiax  nopaaKa  300  km  h  680  km  BbiaBaeHbi  afia  HanGoaee  Kpyn- 
hmx  Teaa  c  nonepeaHbiMH  pa3MepaMH  Goaee  120  km,  BHOcamHX  3HanHTeab- 
hmh  Bioiaa  b  oSiechh  rpaBHTaH,HOHHbiH  3tJ)4>eKT  MacKOHa.  B  3THX  Teaax  yc- 
TanoBaeHbi  caoH  pasHOH  naoraocTH,  KOTOpbie  no  seen  BnaHMocTH ,  6bian 
oOpaaoBaHbi  b  paaHbie  4>a3bi  hctophh  4>opMHpoBamia  JlyHbi. 

Ho  pacnpeaejicHHio  naoraocTH  npnnoBepxHocTHbix  nopoa  b  ayHHbix  mo- 
pax  n  Ha  hx  oKpaHHax  nocTpoeHa  caoaoiaa  cncTeMa  MHoroKoabiieBbix  n 
3aMKHyTbix  cTpyKTyp.  BbiaBaeHbi  npH3HaKH  TeKTounqecKnx  npoueccoB.  b 
aacTHocTH,  saeMeHTOB  caBHroBon  TeKTOHHKH,  KOTopbie,  BMecTe  c  xapaKTe- 
poM  raySniiHoro  cTpoeHHa  aHTocr|)epbi,  CBnaeTeabCTByioT  06  yaapHbix  npo- 
neccax  o6pa30BaiiHa  ayHHbix  Mopeii  npn  naaeunn  na  JlyHy  KpynHbix  koc- 
MnaecKHX  Tea  h  oSbacHaiOT  npnpoay  h  npoueccbi  o6pa30BaHHa  aHOMaab- 
HblX  no  IUIOTHOCTH  MaCKOHOB  H3  BeineCTB  3THX  Tea. 

H3  aHaaH3a  aaHHbix  no  npccjaiaio  1  caeayeT,  hto  3aaHB  PaayrH,  Mope 
iloxcaeii  h  Mope  Hctiocth  npeacTaBaaioT  coGon  eaHHyio  nepMaHeHTHyio 
cHCTeMy,  o6pa30BaHHOH,  c  bbicokoh  cTeneHbio  BepoaTHOCTH,  npn  oaHHX  h 
Tex  xce  oGcToaTeabCTBax  h  npHMepHO  b  oaHO  BpeMa. 

He  HCKaioaeHO,  hto  accHMeTpua  JlyHbi  B03HHKaa  b  pe3yabTaTe  oTBeTa  Ha 
BHeniHee  yaapHoe  B03aeiicTBHe  nanaiomHX  Ha  ee  noBepxHOCTb  KpynHbix 
KocMnnecKHX  Tea.  3to  Taoce  npHBeao  k  o6pa30BaHHio  ayHHbix  Mopeii  h  bo 
MHoroM  onpeaeanao  nocaeayiomne  nponeccw  nx  cJiopMHpoBaHna. 


B.CaaoBmniHH  h  ap. 


Ha  BTOpoM  axane  MccjiexoBaHim  jiyHHbix  MopeH  npn  Hcnojib30BaHHH  60- 
jiee  pexajibHbix  MaxepnajioB  cbeMKH  jiyhhoh  noBepxHocxn  roiaHupyexcH  no- 
cTpoHTb  TpexMepnyio  4>H3PraecKyio  Moqejib  MacKOHa  h  xoqHee  oijeHHXb  no- 
poxqjaeMbii  mm  rpaBHxaijHOHHbiH  acfxJieKT. 

3.  BbinojiHeHo  aexajibHoe  KccjienoBaHHe  Heap  JlyHbi.  Oho  aaBepmn- 
jiocb  coanaHHeM  no  aainibiM  rjiySmiHoro  3onzmpoBami5i  xejia  JlyHbi  ccjiepH- 
qeCKH  CHMMexpHMHOH  MHOrOCJI OHHOH  MOPCJIH.  ^TOMHCIII'M  pe3yjIbTaTOB 

aHajiH3a  npHMemieMbiH  Mexo#  peajiH30BaH  b  BHae  MHoronxepanHOHHoro 
npopecca  c  Hcnojib30BaHxieM  oparnHajibHon  cxeMbi  noxonenHoro  HHcjiop- 
MannoHHoro  30H/iHpoBaHH a . 

Ha  ocHOBe  nojiyqenHbix  pamibix  nocxpoeHa  micf)opMannoHiiaa  Maxpn- 
na,  cop,ep>Kamaa  1363  ajieMema  h  xapajcrepnayiomaH  xaKHe  (J)H3PwecKHe 
napaMexpbi  KaK  njioxnocxb,  xeMnepaxypa,  Moayjib  BCKXOpa  cKopocxK  cMe- 
memra  BHyxpeHHHX  cjroeB  ox  noBepxHocxn  m  ueHxpa  JlyHbi. 

AHajiH3  pacnpexejieixmi  iuioxhocxh  BHyxpH  JlyHbi  noKa3biBaex,  mxo  ona 
aBjweTca  cymecxBeHHO  raapocxaxHHecKH  HepaBHOBecHOH  ruiaHexoH.  BHyx¬ 
pH  JlyHbi  BbiHBjieHO  HecKojibKo  oGojioqeK  c  aHOMajibHo  hh3koh  iuioxho- 

CXblO. 

npomo3HpyexcH,  qxo  flflpo  JlyHbi  HMeex  cpeznnoio  ruioxHocxb  2611 

r/cM^,  b  xo  BpeMa  kbk  3Haqeirae  cpejmeii  njioxHOCXH  JlyHbi,  BbFracjieHHoe 

qepex  cejieHoneHxpHHecKyto  nocxoHHHyio,  paBHO  3,34  x/cm  .  B  iieHxpe  Jly¬ 
Hbi  nporH03HpyeMaa  xeMnepaxypa  cocxaBJUiex  +1228 DC;  MaKCHMajibHaa 
xeMnepaxypa  b  He/ipax  JlyHbi  —  +1279 DC  3aperHCXpHpoBaHa  Ha  raySuHe 
1266  km. 

A^ina  npeABapnxejibHaa  oneHKa  6e3pa3MepHoro  napaMexpa  G,  xapaicxepM- 
3yioinero  iuioxHocxHyio  Heo/iHopoziHocxb  axoro  cnyiHHKa  SeMJiw.  Oh  pac- 

cHHXbiBaexcH  no  (jiopMyjie:  G  =  1,5  I/MR  ,  nie  I  —  hcxhhhbih  momchx 
HHepnHH  miaHexbi,  M  —  oSinaa  Macca  h  R  —  paunyc  njianexbi.  OxMexHM. 
qxo  bji«  oBHopoaiibix  njiaHex  G  =  0,6;  /urn  njiaHex  c  xaxcejibiM  a/ipoM  G  < 
0.6.  J\ jl«  JlyHbi  axox  noKaaaxejib  npeBbimaex  3HaTieHiie  0,6,  x.e.  xapaKxepn- 
3yex  JlyHy  KaK  oxHocnxejibHo  "nycxoxejioe”  kocmhb ecKoe  o6pa30BaHHe. 
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MoHHTOpHHr  aHOMajibHMX  aapo30JiBHWx  smhcchh  b  paiioHax 
TCKTOHEFiecKOH  aeaTejibHoera  c  noMombK)  jinaapoB  Ha  6opTy  Majibix  KA 

B.AneKceeB,  T.MaTBHeHKO,  T.PaHKyHOB,  A.PeM6e3a,  C.CoGojieB, 

B.IIIaMaHaeB 

142092,  r.TpoHHK,  MocxoBCKaa  oSaacTb,  TPHHHTH 
634055,  t.Tomck,  AxaaeMHaecKHH  npocneKT,  1, 

Cn6npcKoe  oTflejieHHe  PAH 

141070,  r.KopojieB,  MocxoBCKaa  o6jiacTb,  yji.  IlHOHepcKaa  4,  HHHHMam 

Haamraa  c  1980  roaa  TPHHHTH  ripoBoaHT  HccaeaoBaHHH 
OCoSeHHOCTeH  a3p030HbHbIX  Bbi6pocoB  b  paHOHax  TeKTOHHHeCKOH 
.zieaTejibHocTH.  TaKHM  o0pa3OM  6buio  oOHapyxceHo  noBbiuieHHe  BbiSpocoB 
ByjiKaHOB  nepea  3eMJieTpacemi5iMH. 

An a  nporao3HpoBanna  reoaoraaecKHX  KaiacTpocj}  yaoSHee  Bcero 
Hcnojib30BaTb  KocMHaecKHe  cpeacTsa.  B  Pocchh  paapaSaTbiBaeTca  ceTb 
Majibix  KA,  cHaSxceHHbix  panaHHHbiMH  aaTHHKaMH  (saeKTpHaecKHMH, 
MaraHTHbiMH,  onTHaecKHMH  h  T.fl.)  ana  onpeaeaeHHH  paiioHOB  SyayniMX 
3eMJieTpaceiiHH  b  nojib3y  npHMeHeHHH  onTHaecKoro  anana30Ha  cjtvjkht 
o^ho  HHTepecHoe  HBaemie.  3a  HecKoabKo  aacoB  ao  H3BepxeHna  nan 
3eMaeTpaceHHa  Haa  MecTOM  reoaoraaecKoro  caBHra  noBbimaeTca 
KOHueHTpanna  a3po3oabHbix  aacrap  pa3MepoM  ot  0. 1  ao  1  mkm. 

Kax  npaBHao,  smmeHTpaMH  B03Moxan>ix  xaTacTpocf)  hbhhiotch 
oOaacTH  3eMan,  rae  KOHineHTpaiiHH  aHOMaabHbix  BbiOpocoB  Moryr  6bm> 
onpeaeaeHbi  ToabKO  c  noMombio  aHCTammoHHbix  cpeacTB.  IlepBbie  ana apbi 
aaa  HccaeaoBaHHH  oSaaKOB  6biaH  ncm»rraHbi  Ha  Gopiy  IHarraa  h  cTaHHHH 
MHP  Ha  BbicoTax  350-400  km.  npH  stom  Mbi  Hcnoab30BaaH  Moaeab 
a3po3oabHOH  aTMOc(|)epbi,  pa3pa6oTaHHyio  HHCTHTyroM  onTHKH  aTMOctJjepbi 
h  3KcnepMeHTaabHbie  aaHHbie  a3po3oabHbix  HccaeaoBaHHH,  npoBeaeHHbix 
TPHHHTH  h  CaHKT-IleTep6yprcKHM  yHHBepcHTeTOM  ana  BbinoaHemia 
Heo6xoaHMbix  pacaeTOB. 

Teopna  pacnpocTpaHeHHH  cBeTa  noKa3biBaeT,  hto  anfflibi  BoaH  1.06, 
0.532  h  0.535  mkm  HanOoaee  rroaxoaaT  pjisi  HccaeaoBaHHH  HeTHnnaHbix 
a3po3oaen  (ncpBaa,  BTOpaa  h  TpeTbH  rapMOHHKH  aa3epa  TaHeTa). 

Yace  pa3pa6oTaHbi  TaKHe  aa3epbi  c  anoaHOH  HaKaaKOH.  Ohh  o6aaaaioT 
npneMaeMbiMH  SHepreTHaecKHMH  napaMeTpaMH,  BecoM  h  pa3MepaMH.  J\m 
npneMa  cnraanoB  ot  a3po3oaen  b  peacHMe  caeTa  <J>otohob  b  HoaHoe  BpeMH 
h  oSHapyaceiiHH  oSaacTen  c  noBbimeHHOH  KOHHempauHeH  pacceaHHbix 
aspoaoabHbix  aacTHH  moxqio  Hcnoab30BaTb  npHeMHbiH  TeaecKon  Ha  ocHOBe 
yraenaacTHKOBbix  3epKaa  c  MeTaaanaecKHM  HanbiaetmeM. 

Jlnaap  BKaioaaeTCH  ToabKO  npH  npoaeTe  panoHOB  reoaorHaecKoro  nan 
TeKTOHHaecKoro  6eacTBHH  (BbicoTa  opGurbi  npn  stom  oKoao  500  km). 

Bee  anaapa  MeHee  100  kt,  a  noTpe6aeHHe  aneprHH  npH  Ha6aioaeiiHH 
nopaaKa  700  BoabTaMnep. 


B.AneKceeB  h  ap- 


Small  Satellites  Lidar  Monitoring  Anomalous  Aerosols  Emission 
in  tiic  Regions  of  Tectonic  Activity 


V.  Alekseev  l,  G.  Matvienko  1,  G.  Raikunov  'i,  A.  Retnbeza  *,  S.  Hobohv  \  V. 
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ijeghming  item  1 9550.  TRlN.fi  I  carries  out  the  investigations  on  pecuiiariti&s  of 
aerosols  emission  in  the  regions  ot  tectonic  activity.  This,  emission  intensif icatiou 
prior  to  earthquakes  and  volcano  eruptions  was  discovered.  The  phenorootion 
manifests  itself  to  be  perspective  for  prognosticating  destructive  events  related  to 
tectonic  activity, 

Pn ty.uoslicating  gcoiouiea!  hazard?}  with  unknown  positions  (such,  as  earthquakes  and 
volcano  eruptions)  are  conveniently  to"  fulfil  wish  apace  based  equipment,  in  Russia, 
the  not  of  small  satellites  which  uses  different  kinds  of  detectors  (electrical-  magnetic, 
optical  and  so  on)  wilt  be  created  tor  detecting  die  points  of  future  earthquakes. 

The  optical  range  of  waves  can  employ  the  following  interesting  fact  Several  hours 
or  tens  of  hours  ahead  of  a  volcanic  eruption,  or  an  earthquake,  the  eoncenti  atiem  ot 
atmospheric  aerosol  particles  with  sizes  .from  0.1  to  1.0  lukin  increase  above 
geological  faulles.  fpiocoters  ot  possible  disasters  arc,  as  a  role,  tit  The  regions  of  the 
Earth  where  only  remote  means  for  detecting  the'  anomadoos  aerosol  coacenlratiot) 
can  bo  used,  t  he  first  Ildars  intended  for  cloud  sensing  have  already  been  tested  on 
board  the  Shuttle  and  the  MIR  space  station  that  orbited  at  attitudes  350  ■■■  400  km. 

Wi ?  used  the  Model  of  .Aerosol  Atmosphere  of  the  Institute  ot  Atmospheric  optics 
and  aerosol  experimental  data  of  TRINOT  and  St  -  Peterburg  University  'to  'cany  out 
all  necessary  calculations. 

The  light  scattering,  tlieory  shows  that  1.06,  0.532  and  0.355  tnkm  wavelengths  (the 
tirst  second  and  third  harmonics  of  a  game!  laser)  are  most  suitable  tor  sensing  of  the 
untypical  aerosols.  Much  lasers  with  diode  pumping  have  already  been  manufactured. 
They  have  acceptable  energetic  parameters,  weight  and  overall  dimensions.  A 
re v ci v \  telescope  on  me  basis  of  carbonpiastic  mirrors  with  vaporized  metal 
coatings  can  be  used  ibr  receiving  signals  Irons  aerosols  in  the  photon  counting  mode 
at  the  night  time  and  for  detecting  the  regions  with  the  enhanced  concentration  of  the 
huelv  tasnucscd  aerosol  traction. 

1'his  lidar  will  be  switched  on  only  when  the  spacecraft  (at  an  orbit  altitude  of  about 
500  km)  will  fly  above  the  regions  of  geological  and  technogenic  Juixards.  the  lidar 
weight  will  be  less  than  1.00  kg  and  its  energy  supply  wifi  be  of  the  order  of  700  V  A 
during  intensive  sensing  sessions. 

Technical  and  technological,  peculiarities  of  lidar  for  the  observation  of  anomalous 
aerosol  emission.  from  space  are  discussed  in  the  re|x»rt. 


HccjieflOBaHHe  flHHaMHnecKHX  npopeccoB  3cmjih  h  CojiHija  c 
Hcnojib30BaHHeM  rpyrnrapoBOK  MajiMX  KA 

B.H.OpaeBCKHH,  BA.AneKceeB 
142092,  r.TpoHUK,  MocKOBCKaa  obaacxb,  H3MMPAH 

PaccMaxpHBaexca  pejibiH  KOMiuieKC  HayaHbix  h  npHKaaaHbix  npobaeM, 
CBH3aHHbix  c  npHMeneiiHeM  HOBoro  noKoaeHHa  KA,  Tax  Ha3biBeMbix  Majibix 
cnyTHHKOB,  pa3pa6aTbiBaeMbix  b  Hacxoaipee  BpeMa  Ha  6a3e  HOBeHuinx 
aocTioceHHH  b  HayaHOH  h  xexHMaecKOH  obaacxax. 

B  flOKJiazte  npeflCTaBjieHbi  ocHOBHaa  Korajenmia  h  npHHHHnbi 
npHMeHeHHH  MKA  ana  uccaeaoBaHHH  cojiHeano-3eMHbix  cBa3eH  h 
oKOJio3eMHoro  KocMiBiecKoro  npocTpaHCTBa  (OKH).  IlpHMepoM  axoro 
cjiyxcHT  cepaa  MKA,  pa3pa6oTaHHbix  H3MHPAH  b  pe3yabxaxe 
coBMecTHbix  pabox  c  HHocTpaHHbiMH  napXHepaMH.  Oto  HHTEPFEJIHOC, 
YHHMAT,  KOMHAC-IIITHJIb,  TOMO,  PA3JIOM-IA. 

MKA  HHTEPTEJIHOC  h  CHCTEMA  aBaaioxca  nepBWMH 
KocMmecKHMH  cpeacTBaMH  aaa  npoBeaeHHa  HabaioaeHMM  b  OKpecHOCTax 
MepxypHa  h  CoaHija,  a  xaKxce  MexaiaaHexHbiMH  30HaaMH  aaa 
HCCJieflOBaHHH  b  oKpecraocTax  CoaHiia.  Lleabio  aaHHbix  npoeKTOB  aBjiaeTca 
coiaaHMe  6a3bi  aaa  ocymecTBaeHHa  b  byaymeM  noaexoB  k  Coaiiuy  MKA 
cTepeoHa6jiKyieHiia  CoaHpa  h  reaHoccj)epHoro  MOHHTopMHra  noroaw. 

MKA  KOMnAC-niTHJIb,  YHHMAT,  TOMO,  PA3JIOM  IA  byayr 
Hcnoab30BaHbi  /pi  a  HccaeaoBaHHH  OKII  b  paMKax  peuieHHa  npHKaaaHbix 
npobaeM. 

KOMIlAC-ILITHJlb  npeaHa3HaTicH  aaa  MOHHTOpHHra  HOHoccjjepHbix 
aHOMajiHH  ceHCMiiaecKoro  h  aHTponoreHHoro  xapaKxepa.  Oh  MOJKex  6biTb 
Hcnojib30BaH  aaa  BbiaBaenna  xeKXOHnaecKHX  caBHroB  h  hx  KJiaccH^HKaipm 
B  aaBHCHMOCTH  OT  HX  aKTHBHOCTH . 

TOMO  aBaaexca  paaHoxexHHHecKHM  KOMiiaeKcoM  aaa  ocymecxBaeHHa 
mobajibHoro  KOHTpoaa  3a  HOHOccfrepoH  c  neabio  coBepniencxBOBaHiia 
nporH03a  paboxw  anmiH  CBa3H  h  apeaBbiaaMHbix  CHTyanHM. 

PA3JTOM  IA  npeaHa3HaaeH  aaa  raobaabHoro  KapTorpacjiMpoBaHna  c 
peabK)  pa3BeaKH  noaesHbix  HCKonaeMbix  HexpaaHHHOHHbiMH  MexoaaMH. 

YHHMAT  npeaHaanaaen  cneimaabHO  aaa  iohhmx  H3MepeHHH 
MarHHTHoro  noaa  h  ecxecxBeHHbix  aHOMaaHH. 

Moryx  6bixb  paccMoxpeHbi  nepcneKXHBbi  Hcnoab30BaHHa  Bbimenepe- 
aHcaeHHbix  npoeicTOB  b  paMKax  KOHnemjHH  “Maawx  KA”  aaa  pemeHHa 
cJjyHaaMCHTaabHbix  h  npHKaaaHbix  3aaaa  <})H3HKH  coaHeaHO-aeMHbix  cBa3eH. 

HaMH  xaKxce  paapabaxbiBaexca  yHHKaabHaa  cncxeMa  cBa3H 
"OCTAOETA”  Ha  ba3e  MKA  (ao  32  KA).  OHa  npeaHa3iiaaeiia  He  xoabKO 
aaa  HccaeaoBaHHH  reoaHHaMHaecKHX  h  aKoaoraaecKHX  npopeccoB,  ho  h 
Moacex  Hcnoab30Baxbca  KaK  cncxeMa  nepeaaan  MeaHiiHHCKOH  HHcfiopMaHHH. 
B  Hacxoamee  BpeMa  OHa  paccMaxpHBaexca  kbk  ocHoea  aaa  m expiy  Hap oanbi x 
nporpaMM  cxpaH  ACEAH  h  JlaxHHCKon  AMepHKH. 


B.OpaeBCKHH 


Studying  Dynamical  Processes  on  the  Earth  and  the  Sun 
by  Using  a  Set  of  Smaii  Satellites 
with  Aim  of  Its  Application  To  Geology  and  Ecology 

V.  N.  O  rae vs  ky ,  V.  A.  Alekseev 

IZMIRAN,  Troitsk  Moscow  Region.  142092.  Russia,  e-mail:  pulseiSizmiran.i3si.ru 


The  report  is  devoted  to  the  whole  spectrum  of  scientific  and  applied 
problems  faced  with  the  new  generation  of  satellites/  sc  called  'small  missions  . 
which  are  creating  now  on  the  base  of  modern  achievements  in  the  scientific  and 
technical  area.  The  main  idea  and  principles  of  the  'small  missions  usefulness 
both  for  solar-terrestrial  coupling  and  near-Earth  environment  studies  and  for 
application  proposes  are  presented  here  following  the  example  of  the  IZMIRAN' 
satellite  series  which  was  proposed  and  put  into  operation  as  the  result  of  the 
cooperative  work  with  some  foreign  partners.  There  are:  INTERHELIOS, 

SYSTEM.  UNIMAG.  COMP  AS-STTLL,  TOMO,  RAZLOM 1  a. 

INTERHELIOS  and  SYSTEM  are  in  the  first  place  the  facility 
for  observation  quite  near  the  Mercury  and  the  Sun  and  interplanetary  meuium 
nrobins  in  the  vieinitv  of  the  Sun  as  well.  The  aim  of  these  projects  is  to  make  the 
base  for  the  future  missions  to  the  Sun  stereo-observation  ana  heliospueiic 
weather  monitoring  in  the  near  Earth  environment. 

COMP  AS  -  STHJL  UNIMAG.  TOMO  and  RAZLOM  la  are  intended  for  near-Earth 
space  studies  in  the  frame  of  applied  problems. 

COMPAS-STILL  is  a  complex  for  ionospheric  anomalies  of  seismic  and 
anthropogeneous  origin  monitoring;  it  can  be  used  for  revealing  global  system  of 
tectonic  faults  and  classing  them  according  to  their  activity.  These  problems  can  be 
solved  bv  studving  electromagnetic  fields  of  various  intensity  and  frequency  and 
thermal  fields  and  by  using  a  complex  data  processing  system.  The  database  under 
processing  will  comprise  the  data  of  surf  ace  survey  by  TV  and  photographic  systems. 
TOMO  is  a  radio-satellite  complex  for  the  ionosphere  global  monitoring  in  order 
to  improve  radiocommunication  links  activity  prediction  and  extraordinary 
situation  forecasting. 

RAZLOM  la  is  a  satellite  for  global  mapping  with  the  aim  of  natural  resources 
discovering  by  nontraditional  methods. 

UNIMAG  is  special  satellite  for  precision  magnetic  field  measurements  and 
natural  anomalies  of  various  scales  mapping. 

Potentials  of  the  aforesaid  projects  realization  in  frame  of  ''small  missions’ 
conception  for  the  solution  of  the  fundamental  and  applied  problems  of  solar- 
terrestrial  physics  can  be  considered. 


Also  we  develop  a  multi-satellite  system  "Estafeta’  based  on  the  (up  to  32)  small 
satellites  which  is  universal  communications  system.  The  capabilities  of  '‘Estafeta’ 
are  unique.  In  particular,  in  addition  to  its  property'  to  be  a  system  for  studying 
geodvnamic  and  ecological  processes,  it  can  be  intended  to  create  a  telesystem  of 
medical  information.  Now,  ‘Estafeta”  is  considered  as  the  base  of  international 
programs  for  ASEAN  countries  and  Latin  .America, 


PemeHHe  3anan  nncTaHnHOHHoro  30H^HpoBaHH«  3eMjra  h  cbh3h 
Ha  ocHOBe  Hcriojit-soBaHHH  Majibix  KocMHiecKHx  annapaTOB 

BHTep  B.B,  Hno  MAUIHHOCTPOEHHB 
143952  r.Pej/TOB  MocxoBcxafl  o6jiacn>  yji.  FarapHHa  33 
<Paxc:  (095)302-2001 

Ochiiob  H.r.,  MHHHII,  HepeBKOB  K.B.,  PHHHKTI,  MajiaMen  E.P.,  OAO 
JIOMO,  KapaceB  B.H.,  TYU  OJIT3KC,  JlnnaTOB  A. A.,  l6t(HHH  MO, 
rpHnenKO  A.A.,  HKI1,  "CeBcpnaji  KopoHa" 

YpoBeHt  KocMHHecKHx  TexHOjiornii  Ha  nopore  hoboto  TbicjraejieTHH 
norJBOJiaeT  npHCTynHTb  k  xoMMepnecxoMy  HcnojTb30BaHHK>  xocMHHecxHX. 
annapaTOB  (KA)  He  tojibko  b  CHCTeMax  cbh3h,  ho  h  b  nHCTaHHHOHHOM 
30HflHp0BaHHH  3eMjm  (H33),  HaBHrannn,  nponaBOflCTBe  cnennajibHbix 
MarepMajioB  n  na)xe  HaynHbix  HCCjienoBaHHHX. 

npH  3TOM  6ojIbnniHCTBO  BHOBb  npOeKTHpyeMbIX  CHCTeM 
npeziycMaTpHBaioi  3HanHTejibHbie  rpynnnpoBKH  KA  Ha  pa3jnniHbix  opSnrax. 
Tax  coanaBaeMbie  cynepcncTeMbi  cnyraHXOBOH  cbhbh  Ha  LEO,  MEO  n 
flaxce  FEO  npennojiaraioT  ncnojib30BaHHe  b  cncxeMe  cBoeii  CTpyxType  ot 
HecKOjibKHx  flecMTKOB  no  coTeH  annapaTOB.  AHanoranHan  TeHneHntra 
HannHaeT  np o c m aipnaaTbca  b  hobwx  CHCTeMax  13,33,  rne  yxce  BenercH 
pa3pa6oTKa  xoMimexcoB  Ha6jnoneHH«  Ha  MKA  c  4,  12,  24  n  48 

cnyTHHKaMH,  npimeM  BpeMH  pasBepTbiBaHmi  TaKnx  chctcm  cocTaBjiaeT  He 
/rojirne  ronw,  a  KpanHe  orpaunxeno.  CncTeMbi  cnyraHXOBOH  HaBHrannn  no 
nncjiy  KA  HMeior  aHajiormmbie  noxa3aHHH. 

B  nepennc^eHHbix  BapnaHTax,  npn  Been  scfx^exTMBHOCTH  co3naBaeMbix 
cncreM,  npocjiejKHBaioTca  orpoMHbie  3aTpaTbi  npn  pa3pa6oTxe  nx,  BbiBone 
KA  Ha  op6my  c  ncnojib30BaHneM  noporax  paxeT-HOCHTejien  (PH)  n 
ynpaBjieHHH  sthmh  rnraHTCKHMH  cncTCMaMH,,  HoaxoMy  naxce  nJifl  pa3BHTbix 
n  OKOHOMnnecKH  ycTOHHHBbix  CTpaH,  xorna  iHaMnrejibHaa  HH<J)pacTpyxTypa 
oOmecTBa  yxce  cBaaaHa  c  xocMHnecxHMH  ycjiyraMH,  axTyajibHenmHM 
MOMeHTOM  /uih  3aBoeBaHHn  n  ynepacamra  pbiHKa  KocMnnecKHX  ycjiyr 
HBJiaeTca  pe3Koe  cunxcerrae  3aTpaT  b  xocMiniecxoM  cexTope. 

rioncxH  HOBeninnx  TexHOjiornn  b  xocMnnecxon  npoMbimjieHHocTH 
cnocoSHbix  ynpocTHTb  n  ynemeBHTb  xocMHnecxne  nnaT<i>opMbi,  neaeBbie 
Harpy3xn  n  ctohmoctb  paxeT-HocnTejien,  hbjwiotch  Ha  ceronHH 
o  CHOBHBiMH ,  ecjiH  He  rjiaBHMM  BonpocoM  npaxTHneexn  bo  Bcex 
xocMimecxnx  npoexrax  3anana  ox  MexcnyiiaponiioH  xocMnnecxon  CTaunnn 
n  BoeiiHbix  chctcm  no  xoMMepqccxoro  npoexTa  U33  n  yHHBepcHTercxnx 
xocMHHecxnx  sxcnepHMeHTOB.  H  3tot  nponecc  nojiynnji  cepbe3Hoe 
ycxopeHne,  xorna  b  roHxy  xaRoeBaHHH  pbraxa  /F33  n  cbh3h  BXjnonnjincb 
xoMMepqecxne  4)HpMbi. 

Ochobhmm  HanpaBjieHneM  nponeccoB  sxohomhh  pacxonoB  cTajio 
ncnojib30BaHne  MKA  npaxTHHecxn  bo  Bcex  pa3pa6oTxax.  MKA  3to 
3axoHOMepHbin  nepeBopoT  b  TexHnxe,  onpe/iejieHHbiH  nocTHrayTbiM 
TexHojiorn'iecxHM  coBepmeHCTBOM  arperaTOB,  npnOopoB  n  cncTeM, 
xoTopbie  cnocoOribi  Ha  oxnany  paBHyio  paHee  sxc njiyarapyeMbiM  cncTeMaM. 


B. BnTep  h  np. 


PbIBOK  CHIA  B  CTOpOHy  IMHpOKOrO  HCn0JIB30BaHHB  MKA  B  CHCTeMaX  A33 
CBB3aH  c  BOBiieneiiHeM  KOMMpcaecKHX  <J)HpM  b  KocMHaecKyro  aeaxeabHOCTb 
noa  xcecTKHM  KOHTpojieM  iocyaapcTBa.  K  nHOHepcKHM  npoeKTaM  btoto 
HanpaBaeHHM  moxcho  OTHecTH  cHCTeMy  LIghtSAR  npoBoanxiyio  no 
HHiinaTHBe  NASA  c  npHBaeaeHHeM  KOMMepaecKHX  cpeacTB.  3tot  npoeKT 
Haneaen  Ha  pemeHHe  3aaaan  aocraxeiiHa  Ha  paznapHOH  cHCTevre  MKA 
oneHb  BbicoKoro  pa3peineHHa  -  1m  h  aaBocBaiiHa  bhobb  cKaaabiBaiomeroca 
pbiHKa  noTpeGHTejieH  BbicoKOKanecTBeHHOH  paaHOjioKaHHOHiion 
Hiic^opMaHHH.  B  KOHKypce  npHHaaH  yuacTHe  KpynHeHiHHe  pa3pa6oTHHKH 
KocMimecKHX  njraTc|)opM,  paaHoaoKanHOHHbix  cucTeM  h  (jjHpMM 
saHHMaiomHe  ca  o6pa6oTKOH  h  pacnpocTpaHCHHeM  KOCMHHecKOH 

HHcJiopManHH  Ball  Aerospace,  Boeing,  Hughes,  Lockheed  Martin,  Ragtheon, 
CTA  h  ap-  npoeKT  LightSAR  npanea  b  aBHXceHHe  BoeHHbie  Kpyra  CHIA, 
KOTopwe  HaaaaH  pa3pa6oTKy  hobwx  naed  b  BoeHHon  pa3BeaKe 
opraHH3anHH  onepaTHBHoro  iiaSnioaeHMa  BbicoKoro  paapemeHMa  3a  caex 
co3Be3ana  cnyTHHKOB  -  12,24,  Han  48  annapaTOB.  CaeayeT  OTMeTHTb,  hto  b 
npoeKTax  LightSAR  h  Starlight  npeanoaaraeTca  cnyraHK  Maccoii  ~  800kt. 

H  ecan  MKA  THna  LightSAR  hjih  StarLighL  cTaHOBaTca  KOHKypeHTaMH 
MHoroTOHHoro  cBepxcoBepineHHoro  cnyTHHKa  paaHoaoKaijHOHHOH 
pa3BeaKH  Lacrose,  to  MELA  Jconos  cjrHpMbi  Orbital  Imaging  Corp.  moxho 
paccMaTpHBaTb  KaK  npaMon  bi,i3ob  TpaaHnnoHHOH  TexHoaoran  cosaanna 
cnyxHHKOB  onTHKO-aaeKrpoHHoro  HabaioaeHHa  b  HeaaBHeM  npomaoM  c 
Maccoii  HecKoabKo  tohh:.  MKA  Jconos  npH  Macce  800kt.  oSecneam 
pa3pemeHHe  b  rtaHxpoMaTnaHOM  KaHaae  ~1m,  a  MyabTHcneKTpaabHbix 
KaHaaax  ~4m,  irpnaeM  b  TeueHue  2-x  aeT  TaKHX  cnyTHHKOB  b  3Kcnayaxan,HH 
6yaeT  4.  B  npHBeaeHHbix  Bbime  npoeKTax  no  KpanHen  Mepe  aBa  oGmnx 
MOMeHTa:  Manaa  Macca  KA  h  "MHOxecTBCHHOCTb"  KA  Ha  opdiTTax.  3Ta 
HO  Baa  aepTa  cncTeM  A3 3  ,  kbk  h  b  co3aaBaeMbix  b  Hacxoamee  BpcMa 
cHCTeMax  cBa3H  Ha  GEO,  MEO  h  LEO  cTaHOBHTca  bobmoxhom  6naroaapa 
BHeapeHHio  "aBTOMoSnabHOH  TexHoaoraH"  b  KOCMHHecKOH 
npoMbimaeHHOcTH  c  noTounon  Texiioaornen  c6opKH,  KOHTpoaa  h 
noaroTOBKH  k  npeacTapTOBbiM  onepannaM. 

AaeKBaTHO  C  pa3BHTHeM  H  BHeapeHHeM  HOBbIX  TeXHOaOTHH  MKA  Ha 
pbiHKe  KocMHaecKHX  ycayr  noHBHaca  hobmh  Kaacc  HocuTeaeii  paKex  Maaoii 
rpyBonoaBeMHocxH. 

HncKoabKO  He  npeaeHaya  Ha  aHanro  cncxyanHH  caoxHBinenca  b 
paKeTHo-KOCMnaecKOH  npoMbimaeHHOcTH  Pocchh  h,  b  aacTHOCTH,  b 
oGaacTH  A33,  rae  TpaanuHOHHO  KA  opueHTHpoBaHbi  Ha  paKeTbi  cpeaHero 
Kaacca,  a  3aaaaa  npeaeabHo-BbicoKoro  pa3pemeffiia  He  6biaa  raaBHOH,  TeM 
He  MeHee  moxho  cKasaTb,  hto  Bbixoa  c  sthmh  xexHoaorMaMM  Ha  pbiHOK 
A33  6yaex  KpaiiHe  3aTpyaHHTeaen  H3-3a  Soabiuon  ctohmocth  ELA,  paKeTbi 
n  HeB03M0XH0CTH  co3aaHHa  chctcmbi  H3  MHOxecTBa  KA  aaa  onepaTHBHoro 
noayaeHna  HHcJ)opMau;HH . 

Ho  aaxe  b  stot  caoxHMH  aaa  Pocchh  nepnoa  aocTaxouHo  oTaeiaMBo 
npocMaTpHBaeTca  BapnaHT,  KOTOpbiii  no3BoaHT  aaace  b  HbiHeniHHX  ycaoBHax 
ocBOHTb  TexHoaoraio  Maawx  KocMHaecKHX  annapaTOB  b  A33  h  CBH3H  h  Ha 
3Toh  ocHOBe  3aHHTb  noao6aK)inyio  Pocchh  HHiny  Ha  mhpobom  pbiHKe 


B.BHTep  h  ap- 


KocMHHecKHX  ycjryr.  IlepBoe  ycjioBHe  pjw  Hanajia  axoro  ripouecca  y  Hac 
eCTb  -  B  POCCHH  HMeeTCH  B  HajIHHHH  flOCXaXOHHOe  KOJIEPieCTBO  paKeT- 
Hocnxejien  jierKoro  n  cpe/mero  KJiacca  3a  cnex  SoeBbix  OajiJincxnqecKHX 
paKex,  BbiBOAHMbix  no  pa3jiiBiHbiM  npHHHHaM  H3  aKcnjiyaxaunn,  hto  #aex 
npaKTHHecKyio  rapaHTino  b  xeqeHHe  Gjinxcanmero  jnecaxHJiexHH  oOecnennxb 
npn  MHHMMajibHLix  laxpaiax  caMbie  cMejibie  npoeKTbi  ,0,33  Ha  ocHOBe  MKA 
c  MaccoH  ~1000kt.,  a  ycnexH  pocchhckhx  paapaSoxqnKOB  ajieiopo- 
paKexHbix  flBHraxejien  (KB  OaKeji,  IJHHHMAHI,  HHHMAIII)  no3Boaiox 
coa/paxb  HOByio  KocMmecxyio  xpaHcnopxHyio  CHexeMy  jirh  BbiBo^a  Ha 
reocxanHOHapHyio  op6nxy  b  "3aMezuieiiHOM  xeMne”  KA  cbpoh  c  Maccon  500- 
1200kT,  HMCHHO  XaKOM  BHflHXCfl  B03M0)KH0CTb  npopbIBa  PoCCHH  B 
xexHOJioraH  MKA,  He  BocnojibaoBaxbcH  Koxopofi  npocxo  Hejrb3H. 
TexHOJiorHH  cero^piaumero  ana  b  paKexHo  -  ko  c  m  mb  e  ckoh 

npoMbimjieHHOcxH  no3BOjraiox  b  OjraxcaninHe  2-3ro#a  co3#axb 
yHHBepcajibHyio  kocmhhcckvio  roiaxcjjopMy  ztxa  cnyxHHKOB  H33  Maccon 
800-850kt.  B  KanecxBe  nojie3Hon  Harpy3KH  MKA  ,0,33  peajibHbiM  bhahxcm 
pa/inojioKaxop  c  cnexe3npOBaHHon  anepxypon  c  paapemenneM 
npHOjiroKaioinHMCB  k  1m.  TexHuqecKHH  3aaeii  no  KocMHBecKOMy  pa/iapy 
MHHHII  (Hno  Bera  M)  n  HMeioinnecn  aKcnepHMeHxajibHbie  Bamibie  c 
ncnojii>30Baiom;eM  caMOJiexa-JiaOopaxopnn  axoro  KOJUieKXHBa,  a  xaioxe 
o6pa3Hbi  oOjiemeHHbix  aepKajibHbix  aHxeHH,  co3B,aHHbix  b  OKB  M3H 
no3BOjinjiH  npHcxynnxb  k  paOoxaM  no  peajiH3anHH  axoro  npoeiera. 
riojiyqeHbi  xaioxe  nojioacnxejibHbie  pe3yjibxaxbi  b  pa3pa6oxKe  ajieicrpoHHo- 
onxnqecKOH  KaMepbi  ajih  MKA  b  AO  JIOMO  n  rYTI  OIIT3KC. 
PaspaSoxKPi  axnx  KOJiJieKHBOB  BbinojiHeHHbie  b  npeamecxByionnie  ro/ia  n 
HOBbie  xexHOJiorHH,  b  qacxn,  co3aaHne  oGjieraeHHbix  bwcoko - Kaq e cbc HHbix 
aepKtui  h  onxMKo-ajieKipoHHbix  Hpeo6pa30Baxejien  Ha  ajieMeHxax 
oxeaecxBeHHoro  npoH3BOBcxBa  noxBOJiatox  co3flaxb  CHexeMy  c  napaMexpaMH 
npeBbimaiomH  mm  3a»BjieHbie  aapyOexaxbiMH  pa3pa6oTBHKaMH. 

BopxoBOH  KOMnjieKc  ynpaBJieHHB  MKA  h  cncxeM  nepeflaqn 
inHpoKonojiocHOH  HHtjjopMannn  HMeex  Hco6xoj[HMbiM  xexHHBecKHH  3a,neji  B 
PHHHKI1,  npnneM  Ha  axon  ocHose  co3/paexcH  HHxerpnpoBaHHaa 
KOMaHflHO-HH^OpManHOHHaq  CHCXeMa  C  BbICOKHMH  XeXHHHeCKHMH  0 
BeCOBbIMH  XapaKXepHCXHKaMH. 

Ha  ocHOBe  HMeiomeroca  npnOopHO-annapaxHoro  aa/jejia  HMH3M 
Be^exca  pa3pa6oxKa  cncxeMbi  ynpaBJieHira  xtBnxceHHeM  MKA. 

OflHOBpeMeHHO  b  HnOManiHHocxpoeHHB  b  conpy>KecxBe 
TEXHOMAIU  Be/pexca  pa3pa6oxKa  hoboh  xexHOJiorHH  HenpepbiBHon 
cSopKH  h  HcnbixaHHH  MKA,  Koxopaa  no3BOjiHX  peaji03OBaxb  noxonHyio 
cSopKy  ncnbixamra  rmax^iopM  MKA  h  nojie3Hbix  Harpy30K. 

Hxo  Kacaexca  MKA  cbh3h,  xo  Ha  4>oHe  npaKxnqecKon  MOHonojiHH 
3anaBHbix  KOMnaHnn  Ha  pbiHKe  cbm3hwx  ycjijfr  c  ncnojib30BaHneM 
cnyxHHKOB  CBB3H  Ha  GEO,  MEO  h  LEO,  pa3pa6axbiBaeMbiM  Hairien 
Koonepannen  xpaHcnopmaa  cncxeMa  Ha  ocHOBe  paKexbi- Hocmea  a 
"Cxpejia",  pa3roHHoro  OjioKa  h  ajieKxpo-peaKXHBHon  flBnraxejibHon 
ycxaHOBKH  MKA,  ocHamemibix  xpaHcnormcpaMH  pa3pa6oxKn  PHHHKH, 
HMeex  cbok)  Hnniy,  kbk  flonojironoman  cncxeMa  cb«3h  pa3jinBHoro 


B.Bnxep  h  flp. 


HasHciHCHKLH.  Hxaic  MHpoBaa  KOHtioHKTypa  b  o6jiac™  MKA  npaKTHHecKH 
onpeziejiHJiacfa,  Hanaxa  HHTeHCHBHaa  peajiH3amw  nepcneKTHBHbix 
KOCMIBieCKHX  CHCTeM,  KOTOpbie  II03B0JMT  yxce  B  SjIHXCaHIUHe  roabi 
KOHTpOJIHpOBaTb  pbIHOK  KOCMHH  eCKHX  ycjiyr.  KoCMHMCCKatf 

npoMbinuieHHocTb  Pocchh,  b  ee  HbiHeniHeM  coctohhkh  cnoco6Ha  npH 
yMepeHHbix  aarpaxax  coajiaTb  KOHKypeHTHO-cnoco6Hbie  MKA  b  o6ji^™ 
^33  h  CBB3H.  Koonepapwa  npe^npiuiTHH  HnOMAHI,  AO  JIOMO, 
MHHMn,  PHHHKJI,  HMH3M,  ,  AB3KC  Be^yman  pa3pa6oTKy  npoeicra 
MKA  Ha  HHHHaTHBHOH  ocHOBe  roTOBa  k  ero  peajmsamiH  c  napaMeTpaMH 
no3BOjT«K)inHMM  KOHKypHpoBaTb  c  Be/iymHMH  MHpoBbiMH  pa3pa6oT4  HKaM H 

KA. 
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“Severnaya  Korona” 

The  present  level  of  space  technologies  at  the  beginning  of  a  new 
millenium  permits  commercial  use  of  spacecraft  (SC)  not  only  in 
communication  systems  but  also  in  production  of  special  materials,  Earth 
remote  sensing  (ERS),  navigation  and  even  scientific  research. 

The  most  part  of  newly  designed  systems  foresee  significant  spacecraft 
groups  located  on  different  orbits.  Thus,  satellite  communication  super¬ 
systems  at  LEO,  MEO  and  even  GEO  that  are  being  created  foresee  the 
use  of  spacecraft  in  the  system  in  quantities  from  several  dozens  up  to 
several  hundreds.  A  similar  trend  is  being  materialized  in  new  systems  of 
the  Earth  remote  sensing  (ERS)  where  observation  complexes  are 
developed  based  upon  small-size  space  craft  (SSC)  with  4,  12,  24  and  48 
satellites.  It  should  be  noted  that  the  deployment  time  of  these  systems  is 
not  years  but  is  extremely  limited.  Satellite  navigation  systems  are  similar 
in  terms  of  a  number  of  spacecraft. 

With  all  efficiency  of  the  above-mentioned  systems,  we  can  see  great 
expenditures  for  their  development,  orbit  injection  using  expensive 
launch  vehicles  and  also  for  the  control  of  these  gigantic  systems. 
Therefore,  even  for  developed  and  economically  stable  states  when 
significant  infrastructure  of  the  society  has  been  linked  with  space 
services,  sharp  reduction  of  expenditures  is  a  focal  point  for  conquering 
and  retaining  the  world  market  of  space  services. 

The  search  for  the  newest  space  technologies  capable  of  simplifying 
and  reducing  the  cost  of  space  platforms,  dedicated  payloads  and  launch 
vehicles  is  the  main  goal  practically  in  all  Western  space  projects  -  from 
the  International  Space  Station  and  military  systems  up  to  a  commercial 
ERS  project  as  well  as  university  space  experiments.  When  commercial 
firms  became  involved  into  the  race  of  conquering  the  ERS  and 
communication  market,  this  process  accelerated  substantialy. 

The  use  of  small-size  spacecraft  practically  in  all  projects  became  the  main 
direction  in  the  attempt  to  save  expenditures.  SSC  is  a  natural  radical 
change  in  the  technology  determined  by  achieved  technological 
perfection  of  subassemblies,  instruments  and  systems  the  efficiency  of 
which  is  equal  to  already  operational  systems. 


The  US  spurt  toward  wide  use  of  SSC  is  associated  with  involving 
comercial  firms  into  the  space  activity  under  strict  government  control. 
The  Lights AR  system  can  be  called  a  pioneer  project  of  this  field.  It  is 

being  developed  under  initiative  of  NASA  with  involvement  of  commercial 
funds.  This  project  is  aimed  at  achieving  very  high  resolution  (lm)  in  the 
SSC  radar  system  and  also  at  conquering  the  emerging  market  of  high- 
quality  radar  information.  Big  development  contractors  of  space 
platforms,  radar  systems  and  also  companies  that  process  and  distribute 
space  data  such  as  Ball  Aerospace,  Boeing,  Huges,  Lokheed  Martin, 
Raytheon,  CTA  and  others  took  part  in  the  tender.  The  Lights  AR  project 
stirred  the  US  military  industry  into  development  of  new  ideas  for  military 
reconnaissance  -  organization  of  high-resolution  continuous  observation 
with  tlie  help  of  a  satellite  constellation  consisting  of  12,  24  or  48  craft.  It 
should  be  noted  that  the  LighSAR  and  StarLight  projects  plan  to  use  a 
satellite  of  a  mass  about  800  kg. 

If  LightSar  or  StarLight-type  small  spacecraft  are  becoming  competitors  of 
a  multi-ton  super -high-tech  radar  reconnaissance  satellite  Lacrosse,  Iconos 
satellite  designed  by  Orbital  Imaging  Corp.  can  be  considered  as  a  direct 
challenge  to  traditional  technology  of  creating  satellites  for  electro-optical 
observation  in  recent  years  with  a  mass  of  several  tons.  Iconos  with  its 
mass  of  800  kg  will  provide  resolution  of  ~1  m  in  the  panchromatic  band 
and 

~  4  m  in  multispectral  bands.  Witliin  two  years,  there  will  be  four  such 
satellites. 

There  are  at  least  two  common  features  in  the  above  -listed  projects:  small 
spacecraft  mass  and  multiple  satellites  on  orbits.  Implementation  of  these 
new  features  in  ERS  systems  as  well  as  in  new  communication  systems 
being  created  on  GEO,  MEO  and  LEO  has  become  possible  due  to 
introduction  of  a  “car  assembly  technology”  in  aerospace  industry  with 
production  flow  technology  of  assembly,  checkouts  and  preparation  for 
pre-launch  operations. 

A  new  class  of  small  lifting  capacity  launch  vehicles  that  has  appeared  on 
the  marketplace  is  an  adequate  response  to  development  and  introduction 
of  new  technologies  of  small-size  spacecraft. 

Without  going  into  deep  analysis  of  the  situation  in  the  Russian  aerospace 
industry  and,  in  particular,  in  the  area  of  ERS  where  traditionally 
spacecraft  were  launched  by  medium  class  LVs  and  the  task  of  achieving 
the  best  possible  resolution  was  not  a  top-priority  task,  nevertheless  we 
can  state  that  entry  into  the  ERS  market  with  such  technologies  will  be 
extremely  difficult  because  of  high  cost  of  spacecraft  and  LV  and  practical 
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impossibility  of  creating  a  system  consisting  of  multiple  spacecraft  for 
prompt  data  reception. 

But  even  in  this  difficult  for  Russia  period  there  is  a  chance  of  using  the 
technology  of  small  spacecraft  for  ERS  and  communication  in  order  to 
occupy  a  considerable  niche  on  the  world  market  of  space  services. 

The  first  condition  to  start  this  process  already  exists:  there  is  in  Russia 
sufficient  quantity  of  light  and  medium  class  launch  vehicles  converted 
from  ICBMs  decommissioned  because  of  different  reasons.  This  quantity 
will  guarantee  in  the  coming  decade,  with  minimum  costs,  launch  services 
for  any  ERS  project  based  upon  spacecraft  of  a  mass  ~  1,000  kg. 
Successful  developments  of  Russian  designers  (Fakel  Design  Bureau, 
TsNIlMASH,  NIIMASH)  allow  to  create  a  new  space  transportation 
system  for  “slow”  putting  communication  spacecraft  of  a  mass  of  500  - 
1,200  kg  to  the  geosynchronous  orbit.  This  is  a  good  chance  for  Russia  to 
make  a  breakthrough  in  the  small  spacecraft  technology,  and  this  chance 
must  not  be  missed. 

Current  technologies  in  the  aerospace  industry  allow  to  create,  within  the 
next  two  or  three  years,  a  universal  space  platform  for  ERS  satellites  with 
a  mass  of  800-850  kg.  A  synthetic  aperture  radar  with  a  resolution  close  to 
1  m  can  be  a  good  payload  for  such  spacecraft.  Technical  heritage  of 
MNIIP  (NPO  Vega  M),  available  experimental  data  collected  during 
flights  of  a  flying  aircraft  laboratory  as  well  as  light-weight  mirror 
antennas  created  in  OKB  MEI  have  allowed  to  start  implementation  of  this 
project. 

Positive  results  have  also  been  obtained  in  LOMO  Open-type  Joint  Stock 
Company  and  in  OPTEX  State  Unitary  Enterprise  in  development  of  an 
electro-optical  camera  for  the  small  spacecraft.  Technological  heritage  of 
these  companies  and  as  well  as  new  technologies  of  creating  light-weight 
high  quality  min  ors  and  electro-optical  transformers  based  upon  domestic 
components  allow  to  create  a  system  with  characteristics  higher  than  those 
claimed  by  foreign  designers. 

RNIIKP  has  necessary  expertise  and  technological  heritage  to  create  the 
spacecraft  onboard  control  complex  and  wide-band  data  transmission 
system.  An  integrated  command  and  information  system  with  high 
technical  and  weight  characteristics  is  being  created  based  upon  this 
heritage.  NIIEM  is  developing  the  spacecraft  motion  control  system  on  the 
basis  of  its  technological  heritage. 
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Simultaneously,  NPO  Mashinostroyenia  in  partnership  with  INPROMASH 
is  developing  a  new  production  flow  technology  to  assemble  small 
spacecraft  platforms  and  payloads.  As  concerns  small  spacecraft  for 
communication  purposes,  in  the  situation  of  practically  total  dominance  of 
Western  companies  on  the  market  of  communication  services  using 
communication  satellites  on  GEO,  MEO  and  LEO,  a  transportation  system 
being  developed  by  our  company  together  with  a  subcontractor  network  on 
the  basis  of  Strela  LV,  an  acceleration  unit  and  an  electric  rocket 
propulsion  plant  of  the  small  spacecraft  equipped  with  RNIIKP-developed 
transponders  has  its  niche  as  a  complementary  communication  system  for 
various  purposes. 

So,  the  world  market  of  small  spacecraft  is  clear,  implementation  of  new 
space  systems  has  begun  and  they  will  in  the  near  future  dominate  on  the 
market  of  space  services. 

Russian  space  industry  in  its  current  state  is  capable,  with  moderate 
expenses,  to  create  competitive  small-size  spacectaft  for  ERS  and 
communication. 

An  NPO  Mashinostroyenia-led  subcontractor  network  that  includes 
LOMO,  MNIIP,  RNIIKP,  NHEM,  AVEX  and  that  is  developing,  using 
internal  funding,  a  project  of  a  small  spacecraft  is  ready  for  its 
implementation  with  characteristics  that  will  allow  to  compete  with 
world’s  leading  developers  of  small  spacecraft. 


Majibie  KocMHHecKHe  annapaTbi  fljifl  nepcneKTHBHOH 
POCCHHCKOH  KOCMHHeCKOH  CHCT6MM  MOHHTOpHHra 
KJiHMaTa,  npHpo,n,HOH  cpe^bi  h  oKono3eMHoro  KocMiraecKoro 
npocTpaHCTBa  b  ecTecTBeHHbix  ycjioBHax  h  npH 
aHTponoreHHbix  BoajieHCTBHHX 

C.M.AbJHOILJHH,  lO.A.PoMaHOBCKHH,  r.O.TyjIHHOB 
PocnwpoMeT,  MHCTHiyr  npHKiiajiHOH  reo<J)H3HKH 
HMeHH  aKa/ieMHKa  E.K.cPeaopoBa 
129128,  MocKBa,  PocTOKHHCKan  yji:.,  9 

B  jioKjiajie  npeflCTaBJieHbi  pe3yjibTaTbi  aHajiH3a  Hcnojib30BaHH»  Majibix 
KocMiraecKHX  annapaTOB  (MKA)  fljw  rejiHoreocjiH3HHecKHX  Hccjie^oBaHHH  h 
MOHHTOpHHra  aTMoctJjepbi,  oaonoccjjepbi  h  oKOJio3eMHoro  kocmhb cckoio 
npocTpaHCTBa  b  ecTecTBeHHbix  ycjioBHax  h  npn  aHTponoreHHbix  BoajieH- 
ctbhhx.  Ha  ocHOBe  CHCTeMHoro  no/ixofla  onpeflejieHbi  pa3JiHHHbie  npHJio- 
xceHHH  h  “hhiuh”  Hcnojib30BaiiHH  MKA  b  nepcneKTHBHbix  onepaTHBHbix 
poccHHCKHX  KOCMHnecKHX  cHCTeMax  Ha6jnoaeHM«  npHpOUHOH  Cpeflbl.  Pac- 
cMOTpeHbi  cxeMa  h  cTpyKiypa  6ynymeH  KOCMHHecKOH  cncTeMbi  MOHHTO¬ 
pHHra  ripHponHOH  Cpeflbi  c  Hcnojib30BaHHeM  MKA.  Onpe/iejieHbi  ochob- 
Hbie  Tpe6oBaHHH  k  MKA-ruiaT(i>opMaM,  cjiyxceSHbiM  cncTeMaM  h  annapaiy- 
pe.  PaccMOTpeHbi  MeTOHbi  h  annapaiypa  ajih  npuMbix  H3MepeiiHH  h  jiHcxaH- 
HHOHHblX  HaSjHOHSHHH.  Ha3eMHbIH  CerMeHT  CHCTeMbI  BKJHOHaeT  rjiaBHbiH 
npHeMHbiH  nyHKT,  U,emp  o6pa6oTKH,  a  TaiOKe  cncTeMy  pacnpep,ejieHHbix 
npHeMHbix  CTaHHHH  nojib30BaTejieH  HH(J)opMau;HH.  npoaHajiH3HpoBaHbi 
B03M0XCH0CTH  HaHHOHBJI  bHbIX  KOHCTpyKTOpCKHX  H  npOH3BO,ZICTBeHHbIX 
npeanpuaTHH  zuia  oSecrienerraa  pa3pa6oTKH,  npoH3BoacTBa  h  OKcnjiyaTaHHH 
MKA  b  nepcneKTHBHbix  onepaTHBHbix  KOCMrraecKHx  CHCTeMax  MOHHTOpHH¬ 
ra  npHpo^HOH  cpe^bi.  OxapaKTepH30BaHbi  fleMOHCTpauHOHHbie  npoeKTbi  c 
HcnojibioBaHHeM  MKA  zuw  HccjieflOBaHHH,  HcnbiTaHHH  h  nojiyaenna  “  rioa 
KJIIOH”  n0JIb30BaTe;iHMH  HH(J>OpMaHHH  O  COCTOHHHH  KJiHMaTa,  npHpOJJHOH 
cpejibi  b  ecTecTBeHHbix  ycjioBiwx  h  npn  aHTponoreHHbix  B03aeHCTBH5ix. 


C.Abjhoihhh 


Small  Spacecrafts  for  Perspective  Operative  Russian  Space  Systems  for 
Climate,  Environment  and  Near  Earth  Space  Monitoring  in  Natural 
Conditions  and  Under  Antropogenic  Impact 

S.I.  Avdjushin,  Y.  A.  Romanovsky,  G.F.  Tulinov 
ROSHYDROMET,  Fedorov  Institute  of  Applied  Geophysics,  129128, 

Moscow,  Russia 

In  the  report  are  presented  the  results  of  investigation  carried  out  to 
analyse  usage  of  small  spacecraft;  (SS)  for  hliogeophysical  investigation  and 
monitoing  the  atmosphere,  ozonosphere  and  near  Earth  space  (NES)  in 
natural  conditions  and  under  anthropogenis  impact.  Using  system  analysis 
are  determined  different  applications  and  “niches”  of  SS  in  the  perspective 
operative  Russian  space  systems.  The  scheme  and  structure  of  future  space 
systems  including  SS  and  modified  ground  segment  are  considered. 
Requirements  to  capabilities  of  SS-platforms,  on  board  service  and  diagnostic 
instrumentation  are  specified.  A  spaccecraft  methods  and  instruments  for 
direct  measurements  and  remote  sensing  of  the  atmosphere,  ozonosphere  and 
NES  are  considered.  The  ground  segment  of  the  system  includes  not  only 
Main  Reciving  and  Processing  Center  but  distributed  system  of  user  receiving 
station  The  possibilities  of  national  design  and  industry  organizations  fo 
development,  production  and  exploration  of  SS  within  perspective  space 
system  are  analyzed.  The  demonstartive  project  of  SS  missions  for 
investigation,  testing  and  “key-turn”  transter  users  new  information 
technologies  on  climate,  environment  and  anthopogenic  impact  are  proposed 
and  discussed. 


S.  Avdjushin 


OCHOBHME  nPHHIXHni»I  nOCTPOEHHfl  H  nPOEJIEMbI  C03flAHHLS 
CPEftCTB  AHCTAipOHHOrO  30HflHP0BAHH£  B  OriTHBECKOM 

AHAIIA30HE  B  KOCMOCE 


MjICH-KOp.  PAP  AH  K.T.H.  CMHpHOB  B.  B, 

HJlteH-KOp.  PAP  AH  fl.T.H.  KopOTKOB  O.  B. 

KETOHMam  hm.  HypejibMaHa  A.  3. 

117342,  MocKBa,  yji.  BBeAeHCKoro,  a. 8 
0>aKc:  (095)  333  55  13 

Co3,aaHHe  h  BbiBe^euHe  b  kocmoc  oojibmoro  KOJiHnecTBa  kocmhhcckhx  anna- 
paTOB  (KA)  rpa>KflaHC,Koro  h  bochhofo  Ha3HaiieHHx,  hbjwhdujhxcji  noTennHajibHbiMH 
HCTOHHHKaMH  TexHoreHHbix  KaxacrpcKj)  pa3JiHHHora  MaciifraSa,  o6ycjiOBjiHBaer  aa- 
ryajibHOCTb  HanwmH  y  crpaH  MHpoBoro  coo6mecTBa  cnequaribHbix  ko  MruieKCOB  Tex- 
HHHeCKHX  Cpe^CTB  RJIX  OCymeCTBJieHHa,  npH  HeofixOflHMOCTH,  aBTOMaTHHeCKOrO  m- 
CTaHUHOHHoro  ffeTajibHoro  30HflHpoBaHHH  KA. 

Hcnojib30BaHHe  .aerajibHoro  30imHp0BaHHa  aBapHHHbix  KA  niuioTHpye- 
Moro  annapaTa  Tuna  "IHax.fi"  Moxcer  6wxb  3arpy,qHeHo  no  coo6paaceHHaM  6e3onac- 
hocth,  a  TaKxce  mobcct  He  oTBenaTb  xpeGoBaHHio  BbinojiHeHna  onepaiiHH  30HAHp0Ba- 
hhb  b  HeoGxoflHMbie  oneHb  orpaHHneHHbie  cpoKH.  HeMajiOBaacHbiM  (JjaicropoM,  ko- 
Topbin  Taxace  pojixceH  yHHTHBaxbca  npn  BbiSope  cpe^CTB  30HflHpOBaHHa,  aBjiaioTca 
ctohmocth  Heo6xoaHMoro  KOMnjxeKca  TexHnnecKHx  cpejiCTB  h  pa6oT  no  npoBeae- 
HHio  onepaunn  30HBHpoaaHiM. 

npeflcraBjiaeTca  pejiecoo6pa3HbiM  cosaaHHe  cnennajibHoro  MajiOFO  cnyxHH- 
xa,  Ha  KOTopow  paiMeinaexca  OTflejiaeMoe  aBTOMaranecKoe  cpepcTBO  pHCTaHijHOHHo- 
ro  aerajibHoro  30Hflnp0BaHi«  kocmhhcckhx  annapaTOB  (C,H3KA)  c  coScTBeHHbiMH 
HH^opManHOHHbiMH  KaHajiaMH  n  co6cTBeHHOH  chctcmoh  opneHTanHH  h  MaHeBpnpo- 
saHHfl.  Cfl3KA  nocjie  oxpejieHHa  ot  Manoro  cnyTHHKa  oeymecTBjiaeT  c6jiHBceHpe  c 
HHcnemrapyeMbiM  KA  h  nepeaany  hh ^>opMannn  Ha  pexpaHCJiarop.  Ha  MajiOM  cnyT- 
HHKe  pa3MemaeTca  CHCTeMa  B<H3Heo6ecneHeHHa  C/(3KA,  nenojib3yeMa»  ao  ero  OTae- 
jieHHH  ot  cnyTHHKa,  h  annapaxypa  npneMa  no  paqno  HH^opManHH  c  C/X3KA  h  nepe- 
aaHH  ee  Ha  3eMjno  hjih  KA  -  HocHTejib  Majioro  cnyTHHKa.  Bmboa  TaKHx  Majibix  cnyr- 
hhkob  c  C#3KA  Ha  6opxy  b  3aaaHHbin  panoH  mobcct  ocymecTBJiaTbca,  b  3aBHCHMocm 
ot  B03HHKmeii  ciiTyaifHH,  c  3eMJiH  c  noMombK)  HeSoabiuoH  paKeTbi-HOCHTejia  hjih  po- 
CTaBjTSTbca  nnjioTHpyeMbiM  anriapaTOM  hjih  HaxopHTbca  Ha  6opTy  kocmkhcckoh  craH- 
Hhh  h  OT/iejiHTbCH  ot  Hee  b  Tpe6yeMbiH  MOMeHT.  B  nocjiepHeM  cjiynae  MajibiH  cnyrHHK 
c  C.H3KA  mobcct  Hcnojib30BaTbca  h  p jib  oneHKH  coctobhhh  caMoii  ctehhhh. 

B  HacToaipee  BpeMa  OTcyrcTByer  He  TOJibKO  Heo6>:o^HMbm  komhjickc  Tex- 
hhhcckhx  cpeaCTB,  ho  h  npo6jieMa  aBiOMaTHHecKoro  pHCTaHijHOHHoro  AexanbHoro 
30HanpoBaHHa  b  nenoM  Haxoanxca  b  cxa^HH  KOHnenryaxibHOH  npopa6oxKH.  ^(jia  pe- 
meHHe  jibhhoh  npoSjieMbi,  b  cnjiy  ee  bmcokoh  cjiobchocxh  h  Heo6xo«HMbix 
3HaHHTeJibHbix  3axpax,  Heo6xoflHMo  npHBjieneHHe  paaa  Be^yinnx  cxpaH  MHpa. 

B  paHHOH  npoGjreMe  b  nacToaipee  BpeMa  mobcho  BbwejiHTb  cjieflyioujHe  ocho- 
Bonojiarafomne  3aaaHH: 

4>opMyjiHpoBaHHe  KOHqenxyajibHbix  xpe6oBaHHH  k  CBoMcxeaM  h  napaMexpaM, 
KOTOpblMH  POJIBCeH  oSjia^aTb  KOMnjieKC  TeXHHHeCKHX  CpeaCXB  PHCTaHUHOHHOrO  30H- 
AHpOBaHHa,  BbiSop  cxeM  ^ocxaBKH  Miuioro  cnyTHHKa  c  C#3KA; 


Cmhphob  E.  B.,  Kopotkob  O.  B. 


noHCK  onTHMajibHOH  coBOKynHOGTH  ocHOBonojiaraiomHX  xexHHnecKHX  perne- 
HHH  no  nocrpoeHHK)  naHHoro  KOMnitexca  c  yneroM  peajiHsyeMOCTH  b  npneMneMwe 

cpoKH  h  orpaHHneHHH  Ha  BbiqejiaeMbie  pecypcu; 

pemeHne  KjnoneBbix  HayHHO-TexHHHecKHX  h  xexHOJiortiHecKHx  npooneM  no 

peajiH3annH.  „ 

Bee  Tpn  3aAann  Haxonaxca  b  pa3JiHHHbix  exannax  H3yneHHa  n  pememm.  iio- 

jiynaeMbie  b  nponecce  pe3yjibTaTbi  MoryT  0Ka3biBaTb  B3anMHoe  BjmaHne  Ha  npHHH- 
MaeMbiepemeHHa  no  nepenncjieHHbiM  3a«anaM.  Hocjie  nx  pemeHHH  mojkgt  Obtxb 
pa3BepHyra  noJiHOMacurraSHaa  pa3pa.6oxKa.  B  noKjtane  paccMaxpHBaioxca  B03M03K- 
Hbie  peuieHna  Bxopon  3aaaHH  b  npnMeHeHHH  k  coSctbchho  Cfl3KA.  3xo  ooycjiOB- 
jieHO  HannnneM  y  npennpHjrrHH,  xoxopoe  npencxaBJiatox  aBxopbi,  nayHHO- 

xexHHnecKoro  sanejia  no  naHHOMy  HanpaBjieHHio. 

B  cuay  xoro,  hxo  see  nepeHHCJieHHbie  3ananH  Haxoflaxca  b  nponecce  peuieHHx, 
b  noioiane  paccMaxpraaerca  aocxaxoHH©  nmpoKaa  coBOKynnocxb  xexHnnecKHX  non- 
xoflOB  H3  ycjiOBHH  nepeKpbrraa  npe«JiaraeMbiMH  cxeMaMH  mnpoKoro  n«ana30Ha  no- 
cxnacHMbix  BbixonHbix  napaweipoB  C£3KA.  3xo  noaBonaex  peanrooBaxb  nponecce 
KOMiweKCHOH  onxMmanHH  no  npoSjieMe  b  neaoM  n  Bbi6opy  xexnnnecKnx  pemeHHH  h 
napawexpoB  b  nacxHocxH  c  ynexow  uinpoKofi  coBOKynHoexn  (|)aKxopoB. 

B  paMKax  npeflJiaraeMoro  nomiana  paccMaxpnBaioxca  cpencxBa  30Hnnpo- 
BaHna,  oSecnenHBaiomHe  nojiyneHHe  b  nponecce  cSjmaceHHH  e  HHcneKxnpyeMbiM  06b- 
exxoM  BnnoByio  HH^opMannio  b  necKOJibKnx  nnanaaoHax  oirxHHecKoro  cnexxpa  H3- 
jiyneHHa  (BHAHMbin,  yjibxpatJjHonexoBbiH,  HH#aKpaeHbiH  c  nnyMH  noffSHanaaoHaMw) 
c  jiHHeitHbiM  paapemeHneM  no  enumu  caHXHMexpoB  n  nepenany  ee  Ha  pexpaHCjiaxop. 

B  KanecxBe  ocHOBononaraioinero  ycjiOBHa  6bUio  npimaxo,  hxo  Ha  Hocnxenb, 
He  noJDKHO  HaKJianHBaxbCH  xpeOoBaHHH  oSecneneHna  bbicokoh  xohhocxh  BbiBona 
CA3KA  b  3anaHHbin  panon  n  wanbix  cicopocxen  c6jinaceHna.  IIo  mhchhio  aBxopOB 

npHeMJiHMbiMH  6ynyr  xpe6oBaHna  no  xohhocxh  BbiBona  no  10  km  h  cKopocxn  c6jih- 

aceHna  no  4  -  8  km\c.  B  sxom  cnynae  He  noxpe6yexca  njmxenbHoe  MaHeBpnpoBaHne 
Hocnxejia  npH  nonxone,  npHBeneKHbift  ypoBenb  xpeOoBaHHH  nossonaex  chh3hxb 
exoHMoexb  peuieHHH  aanann  HHcneKTHpoBaHHa  npn  ycnoBHH  co3naHna  oxnocnxejib- 

ho  nemeBbK  MajroraOapHXHbix  C^3KA  c  HeoOxonnMbiMH  CBoncxpaMH. 

KjnoneBon  xexHHHecKH  npoojieMon  co3naHna  Cfl,3KA  aBjiaexca  nojiyneHne  bh- 
neoH3o6paxceHHH  c  bmcokhm  yraoBbiM  pa3pemeHneM  npn  cSjinweHHH  c  HHcneKxn- 
pyeMbiM  annapaxoM  no  oneHb  Manbix  naJibHOCxeii  npH  Oonbuinx  exopoexax  h 
HanajibHbix  nponerax.  ftaHHbie  ycnoBna  BbiawBarox  SHanHxe^bHbie  yraoBbie  exopoexn 
jihhhh  BH3HPOBaHna  H  cooxBexcxBeHHO  "cMas"  naoSpaxcenna.  ffaa  xopomero  Kanecxsa 
BHneoH3o6paaceHna  xpeOyexc*  oSecnennxb  cKOpocxb  jihhhh  BH3HpOBaHHa  He  ooaee 
0.1  -  0.2  rp\c.  3xoro  mo>kho  nocxHHb,  ecjra  cncxeMa  ynpaBjieHna  CA3KA  ooecnenHX 
b  nponecce  cOjnoKeHiia  cHimenne  nanajibHoro  npojiexa  no  ennHHn  MexpoB  e  FapaH- 
xnpoBaHHbiM  npoMaxoM  npH  nponexe  mhmo  HHcneKxnpyeMoro  KA. 

AH3JIH3  b 03 m05Khhx  nyreH  nocxpoeHHa  C^3KA  n0Ka3biBaex,  hxo  H3  Bcero  hx 
MHoroo6pa3na  Moryx  6bixb  BbinejieHbi  Kax  ooiqne  naa  OojibuiHHCXBa  cxeM  npHHnniibi 

nocxpoeHHa,  xaK  h  ajibxepHaxnBHbie. 

K  o6uwm  npHHnnnaM  Moacex  6wxb  oxHeceHo: 

Hcn0Jib3OBaHHe  onxHnecKHX  KEHanoB,  KaK  HanOonee  HH^opMaxHBHbix; 
npHMeHeHne  peaKTHBHbix  nBHraxeabHbix  ycxaHOBOK  c  HMnyjibCHbiM  pexcHMOM 
pa6oxbi  h  HeperyjiHpyeMOH  xaron,  KaK  HaH6onee  npocxbix  b  peanH3anHH. 

K  ajibxepHaxHBHbiM  npnHunnaM  nocxpoeHHa,  oSycjioBJinBaiomnM  noaBneHHe 
3aMexHO  oxjiHnaiomHXca  cxeM  nocxpoeHHa,  mojkho  oxHecxH  cjienytomne. 


Cmhphob  B  B.,  Kopoxkob  O.  B. 


npHMeHeHHe  nacctiBHon  CTa6HAH3anHH  b  npocrpaHCTBe  BpamenHCM  hah  ax- 
THBHOH  CTa6HJIH3aU(HH  C  nOMOIUbK)  MHKpO^BHraTejieH; 

Hcnojib30BaHHe  b  xanecxBe  ABHraTeAbHOH  ycTaHOBXH  MaHeBpupo BaHHS  Bpa- 
maiomeHca  ycxaHOBXH  c  ynpaBJieHHeM  b  nojiapnoH  cHcxeMe  xoopAHHaT  hjih  HeBpa- 
matomeHca  ycxaHOBXH  c  ynpaBJieHHeM  b  jjcKapTOBOH  chctcmc  xoopAHHaT; 

Hcnojib30BaHHe  HHc^opMauMOHHO-ynpaBjwfomeH  cHcreMbi  c  coSctbchhoh 
CHCTeMOH  rHpocTa6HJiH3aHHH  hjih  HcnojibSOBaHHe  eAHHoii  a  jib  Bcero  C^3KA  ch- 
CTeMBi  CTa6Hjiii3auHH  h  ycTaHOBKa  onTHHecKHx  KaHajioB  HSnocpejiCTBeHHO  Ha  Hecy- 
myio  paMy; 

npHMeHeHHe  4>OTonpH6MHoro  ycxponcTBa  (<X>ITy)  c  jiHHeifaaTOH  hjih  Ma- 
THHHOH  CTpyKTypOH . 

CymecTBeHHoe  bahhhh6  Ha  o6jihk  nepexBaTHHxa  h  ero  bo3mo5khocth  oxa3M- 
BaeT  TaioKe  Bbi6op  b  xanecTBe  paSoxnx  AnanasoHOB  HHcjjopManHOHHoro  cpejjcTBa  bh- 
AHMOrO  HJIH  y<J>  AHan8L30H0B  C  HeBbICOKHM  ypOBHeM  OXJiaHCAeHHB  <Wiy  HJIH  HK  Alia- 
na30Ha  c  niySoxHM  oxjiaacAeHHeM  hah  hx  KOM6HHanHH. 

IlpOBeAeHHbie  HCCACAOBilHHB  H03BOAHAH  BblAeAHTb  TpH  OCHOBHbIX  CyiAe- 
CTBeHHO  orjiHHaiomHeca  6a30Bbix  cxeMbi,  KOTopwe  Moryr  6bm>  npHHHTbi  3a  ocHOBy 
ripn  co3AaHHH  CA3KA.  3th  cxeMbi  riocTpoeHbi  Ha  ocHOBe  opraHHHHO 
coneTaioiAHXCH  TexHunecKHX  pemeHHH  h  hmckit  cboh  o6AacxH  npeAnoxTHTeAbHoro 
npHMeHeHHA. 

IlepBaa  6a30Bas  cxewra  xapaxTepH3yeTca  HenoAbsoBaHiieM  cAeAyiomux  ochob- 
Hbix  npHHHHnoB  nocTpoeHHsi  (puc.  1  a): 

peaAH3anHH  Hecymeii  ko HCTpyxiiHH  b  bhac  AHexa  c  6oAbinHM  nojrapHhiM  mo- 
MeHTOM  HHepHHH,  B  UeHTpaAblHOH  HaCTH  KOTOpOTO  paCnOAaraeTCH  HH^JOpMaiJHOHHO- 
ynpaBAHioiAaa  cncxeMa,  a  Ha  nepH^epaHHoft  Haem  ABHraxejibHaa  ycTaHOBKa; 

ocymeCTBAeHHe  cxa6HAH3anHH  b  npocTpaHCTBe  BpaiueHneM  Bceii  xoHCTpyx- 
HHH  OTHOCHTeAbHO  npOAOAbHOH  OCH  C  M3AOH  HaCTQTOH; 

Hcn0Ab30BaHHe  aas  MaHeBpHpoBaHHH  TBepAOTonAHBHoii  ABHFaTeAbHOH  ycTa- 
hobkh  b  BHAe  KOAbueBoro  Haoopa  MHHHaTiopHbix  HMnyAbCHbix  ABHraTeAen; 

npHMeHeHHe  aab  3aAan  HaBeAeHHH  h  30HAHpoBaHH»  cahhoh  bmcoxotohhoh 
OnTHKO-3AeKTpOHHOH  MHOrOCneKTpaAbHOH  HHOpManHOHHO-ynpaBJIAKHAeH  GHCTeMbl 
(VO, BA,  HK)  C  MHOr03AeMeHTHbIMH  MaTpHHHbIMH  <Miy  H  C06CTBeHH0H  BblCOKO- 
xohhoh  TpexcTeneHHOH  CHcxeMOH  rHpocxa6HAH3anHH. 

K  HHCJiy  AOCTOHHCTB  A&HHOil  CXeMbI  MOACHO  OTHeCTH  peaAH3yeMOCTb  Ha  CO- 
speMeHHbix  TexHOAorHBx  h  HaAHHHe  AocTaTOHHO  6oAbmoro  3aAeAa  no  xAioneBbiM 
rexHOAOrHHM,  6e3onacHOCTb  h  HaAeACHOCTb,  OTcyTCBHe  cnenHanbHbix  AcecTXHx  xpe- 
SoBaHHH  no  oSecnexeHHH  3KOxornHecKnx  xpeSoBaHHH  npw  iipn3eMHbix  HcnbrrafiHHX 
C  BKAIOHeHHeM  ABHraTCAbHOH  yCTaHOBKH. 

OcHOBHbiMH  ripoSAeMaMH  npH  pa3pa6oTKe  CA3KA  a&hhofo  THna  abaaiotca: 

oSecneneHne  BbicoxoxoHHoro  ynpaBAemra  b  ycAOBHax  achcxbha  yqapHbix  h 
BHSpannoHHbix  Harpy30K,  Bbi3bmaioiAHX  nepeMeineHHe  H3o6paAceHHH  no  0ITy ; 

AoexHAceHHe  Heo6xoAHMoro  3anaca  pacnoAaraeMOH  xapaxTepHCTHxecxoH  cxo- 
pocxn  npn  npHeMAeMOH  Macce  n  ra6apHxax; 

oSecneneHHe  HeoSxoAHMoro  6bicxpoAeMcTBH3  UHtfiponoH  o6pa6oTXH  rooSpa- 
KeHHH  H  Bbipa6oTKH  KOMaHA  ynpaBAeHHA  B  peaAbHOM  BpeMeHH. 

AaHHbie  npoSAeMbi  b  HacToamee  BpeMa  MoryT  6bixb  pemeHbi  peuieHbi. 
IlpoeKTHo-KOHCTpyKTopcKHe  npopa6oTKH  noKa3aAH,  hto  moaccx  6brrb  co3AaHO  Ha 
coBpeMeHHbix  TexHOAornax  Bpamaiomeeca  CA3KA  c  TBepAOxonAHBHOH  MHoroABHra- 
TeAbHoii  3HeprexHnecKOH  ycxaHOBKofi  Maccofi  17-20  xr  h  3anacoM  xapaicrepHCTHHec- 
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KOH  CKOpOCTH  OKOJIO  300  m/c,  CHOCOGhOC  BblOpaTb  HeCKOJIbKO  KHJIOMerpOB 
HanaiibHoro  npojieTa  h  oOecnenurb  nepeflany  bhaoboh  nH<])opMaijHH  npH  CKopocrax 
c6jiH»eHHji  « o  4-5  km/c.  Macca  oGecneHHBaiomHX  ycrpoftcTB  (nycKOBaa  yeraHOBKa, 
CHCTeMa  oxjiaacfleHHa),  oCTaiomHxca  Ha  GopTy  cnyTHHKa,  oneHHBaexca  Ha  ypoBHe  10  - 
15  Kr.  EoubmoH  AHana30H  3HaneHHH  Maccbi  oGycjiOBjieH  pasjiHHHWM  B03M0»CHbiM  Ha- 
6opoM  HH^opMamHOHHbix  KaHajiOB.  MeHbmee  3HaneHHe  cooTBeTCTByer  najummo 
TOJibKO  oriTHKO-ajieKTpOHHoro  KaHgjia  BiifliiMoro  hjih  yjibTpa<|)HOJieTOBoro  flnana30- 
Ha. 

K  He/tocTaTKiiM  flaHHoa  cxeMbi  cneflyex  oraecTH: 

pe3Koe  B03pacraHHe  Maccw  npH  yBejiHHeHHH  3anaca  xapaicrepHCTHHecKOH  cko- 
pocTH  Goflee  300  m/c,  hto  TpeSyeTca  npn  HanajibHbix  npoaerax  Gojibme,  neM  2-3 
km; 

npoGireMaTHHHocTb  flocTHaceHHH  bmcokoh  tohhocth  HaBefleHHa  npn  Gojibmwx 
ckopocthx  c6jiH5KeHHa  (Go.nee  4-5  km\c)  H3  3a  HajiHHHa  ynpyrax  fle(|)opManHH  b  rapo- 
CKonHnecKOM  cTa6HJM3aTope  Meatfly  oriTmecKOH  chctcmoh  h  (Jxrro npHCMHbiM  ycr- 
Pohctbom  npn  fleiicTBHH  He3aryxaK)XflHx  HHTeHCHBHbix  BHGpoyaapHbix  Harpy30K,  Bbi- 
3BaHHbIX  pa60TOH  flBHraTeitbHOH  yCTEHOBKH; 

flOCTaTOHHO  BblCOKyiO  KOHCl’pyKTHBHyK)  CJIOJKHOCTb  peajiH3apHH  CHCTeMbI 
oxjiaacfleHHH  HK  Kanafla  h  3JieKTpnnecKHx  noflBOflOB  nepes  KapflaHOBbifi  noflBec  ch- 
creMbi  rHpocraGHflHsaflHn; 

npo6jieMaTHHHOCTb  HeoAHOKparaoro  onepaTHBHoro  H3MeHemia  op HeHTanun 
C/13KA  b  npocTpaHCTBe. 

BTopaa  6a30B,aa  cxeMa  ycrpanaer  HeflOCTaTKH  nepBoii  cxeMbi  h  ripHHnuriHaJib- 
ho  OTflHnaercH  cjaeflyioiflHM  (pnc.  1  6): 

BbinoAHenneM  Hecymen  KOHCTpyKPHH  b  BHfle  CTa6HJiH3HpoBaHHOH  HeBpa- 
maiomeHca  b  npocTpaHCTBe  Hecymefi  nflaT<J)opMbi,  Ha  KOTopon  aceeTKo  MOHTHpyeTca 
HH(|)opManMOHHO-ynpaBJiaioiflaa  cncreMa,  ABuraTenbHan  ycxaHOBKa  MaHeBpHpoBaHHa 
h  CHCTeMa  opHeHTapHH  h  cra6'MjiH3aiiHH  (COC)  Ha  MHKpOflBMraxejiax; 

HCKjnoHeHHeM  H3  cocTaBa  HH^opManHOHHo-ynpaBJiaioifleH  cncTeMbi  coGctbch- 
HOH  CHCTeMbI  rHpOCTa6HflH3anHH  C  KapflaHOBbIM  nOflBeCOM  H  npeflbHBfleHHeM  Bbl- 
cokhx  TOHHOCTHbix  TpeGoBaraiH  k  HCTeMe  cxa6HjiH3aHHH  nflaTiJiopMbi; 

HCnOJIb30BaHHC  BMeCTO  T  BCpflOTO  IIJIHB  HOH  MHOrO  flBHraTeflbHOII  Bpa- 

maromefica  ycraHOBKH  MaHeBpHpoBaHHH  xhakocxhoh  nexbipex  flBHraxeflbHoil  ycra- 

HOBKH. 

K  ochobhhm  npeHMymecxBaM  flaHHoil  cxeMbi  mojkho  othccth  B03MoacHOCTb 
co3flaHHH  C,H3KA  c  GojibrniiMii  b  HecKOflbKO  pa3  BbiGnpaeMbiMH  npoMaxaMH  npH 
MeHbmen  Macce  3a  cxer  Gojibiiihx  OHepreTHHecKHx  BO3M0aai0CTeH  KHflKocTHbix  ffY 
h  6ojiee  BbicoKoro  ypoBHfl  MHHHaxHpKmmiH.  npefljiaraeMaa  cxeMa  Taxace  HMeeT  cy- 
mecxBeHHo  Gojiee  npocroe  KOHcrpyKruBHoe  pemeHHe  BonpocoB  pa3MemeHHa  hh- 
(jiopMapHOHHbix  KaHaaoB  h  oxjiaacfleHHfl  hx  ajieMeirroB  3a  caer  hx  atecTKoro  3aKpen- 
jieHHH  Ha  nflaT^opMe.  OGecneniBaeTca  B03MoacHOCTb  onepaTHBHoro  H3MeHeHHs 
opHeHTauHH  C/J3KA 

Ochobhbimh  upoGflCMaMH  npH  co3flaHHB  Cfl,3KA  no  flaHHoil  cxeMe  hbjwiot- 
ca: 

flOCTHHceHHe  HeoGxoflHMofi  flJia  ynpaBJieHHa  h  30HflnpoBaHiia  bmcokoh 
TOHHOCTH  CTa6HJIH3aUHH  nitaT^OpMbl  C  nOMOIlIbK)  TOflbKO  MHKpOflBHXaTefleH  COC  B 
ycjiOBHHx  HecoBnafleHHHH  BeicropoB  Tarn  flBHraTejieH  ManeBpHpoBaHHa  c  peHTpoM 
Macc  H  IiajIHHHH  HHTeHCHBHbix  BHGpOyflapHbIX  Harpy30K; 

oGecneneHHe  HeoGxoflHMOH  6e3onacHocxH  npn  xpaHCHHH,  HcribiraHiiax  h 
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3Kcnjiyarat{HH  npn  HanHHKH  na  6opxy  6aK0B  c  achakhm  toiiahbom; 

MHHHaTiopH3anHH  annapaTypw  h  co3^aHne  ABHraxenbHon  ycraHOBKH  c  bbico- 

KHM  MaCCOBWM  COBepUieHCTBOM. 

^aHHbie  npoSjieMbi  naxonaTca  b  craAHH  pemeHna. 

IIpOeKTHO-KOHCTpyKTOpCKHe  UpOpaGOTKH  nOKa3aJIII,  HTO  npHHCn0JIb30BaHHH 
HOBbIX,  HBXO  AAHt HXCH  B  CTaAHH  OCB06HM  TeXHOAOrKH,  M05KCT  6bITb  C03AaH0  C,H,3KA 
MaccoS  14-17  xrc  3anacoM  xapaicrepHCTHHecKofi  ckopocth  0.6  -  0.8  km/c,  KOTopbifi 
M05K6T  BblSpaTb  HaHaUbHblH  npOMaX  flO  10  KM  H  BbinOJIHHTb  C>nepai|HK>  30HffHp0BaHHH 
npH  CKopocrax  c6.fiH5KeKna  ao  8-10  km/c.  Macca  oSecneHHBaiomHx  ycrpoficTB, 
ocTaioinHxcH  Ha  Gopry  cnyrHHKa,  oneHHBaeTca  Ha  ypOBHe  3  -  8  ki\ 

K  HeAocraTKaM  cjieflyer  OTHecra  He  ao craxoHHyio  OTpa6oTaHHOCTb  ocHOBono- 
jiaraiomHx  KOHCTpyKTopcKHX  h  TexHOAOTHHecKHx  pemeHHH,  a  TaKxe  HeoGxoAHMoexb 
co3AaHHH  ajieMeHTHOH  6a3bi  c  KanecTBenHo  hobmm  ypoBHeM  xapaicrepHCTHK.  Oco- 
6eHHo  ocTpo  ctoht  Bonpoc  b  P<£>  h  ApyrHx  BeAymnx  crpaHax  no  co3naHHio  MHHua- 
TIOpHblX  npene3HOHHbIX  HI Hp OKOnOAO CHbIX  BHSpOyAapoyCTOHHHBbIX  AaTHHKOB  yrao- 
BblX  CKOpOCTen  (flyc),  Heo6xQAHMbIX  am  BblCOKOTOHHOTO  (ftyHKHHOHHpOBaHHfl  CH- 
CTeMbi  ynpaBjieHHH  Cfl3KA.  Taioxe  cneAyer  OTMeruxb,  hto  npH3eMHbie  HcnbrraHHH  c 
BKAIOHeHHeM  JKHAKOCTHOH  ABHTaTeAbHOH  yCTAHOBKH  CBH30.HbI  C  HeoGxOAHMOCTbK) 
C03AaHna  cnenHajibiioH  HcnbiTaTeAbHoii  nnomaAxn,  oTBenafomeit  coBpeMeHHbiM 
AC6CTKHM  3KOAOrmeCKHM  Tpe60BaHH»M. 

TpeTbH  6a30E.aa  cxeMa  OTimnaercH  or  BTopofi,  b  nepByio  onepeAb,  hc- 
KjnoHeHHeM  HeAocrraTKOB,  CBsaaHHbix  c  ncnoAb30BaHHeM  jkhakocthoh  ABHraTejibHoM 
ycraHOBKH  (pHC.1  b).  B  AaHHofi  cxeMe  Hcnojib3yeTca  TBepAOTonjiHBiiaH  ycraHOBKa  c 
npeABapHTejibHbiM  o6pa30BaHiieM  paGonero  TeAa  b  ra3oreHepaTope  c  nocjieAyioiAHM 
ero  pacnpeAejieHneM  KnanaHaMH  no  ABHrareAHM. 

npHHHHnnajibHbiM  otahhhcm  AaHHofi  cxeMbi  HBAaeTCM  cymecTBeHHO  GoAbmaa 
6e3onacHocTb  npa  HcnbiTannax  h  aKcnnyarainiH.  npoBeAeHHH  npH3eMHbix  ncnbi- 
TaHHH  He  TpeGyerca  cnenHaAbHbix  AoporocToainHx  coopyxcenun  co  cnennajibiibiMn 
TeXHHHeCKHMH  CpeACTBBMH  c6opa  H  HeHTpaJIH3aHHH  TOnAHBa. 

CKa3aHHoe  Bbinie  OTHoenTeAbHo  aoctohhctb  h  HenocxaxKOB  btopoh  cxeMbi 
OTHOCHTCA  H  K  TpeTbeft  CXCMe  3a  HCKAfOHeHHeM  ABHraTeAbHOH  yCTaHOBKH. 

B  cooTBeTCTBHe  c  BbinojiHeHHbiMH  aah  Tperben;  6a30B0H  cxeMbi  npopaSoT- 
KaMH  onpeneAeHO,  hto  Moxcer  6biT&  co3AaHO  Cfl,3KA  Maccoii  14-  17Krc3anacoM 
xapaKTepHCTHHeCKOH  CKOpOCTH  0.4  -  0.6  KM/C,  KOTOpOe  MOKeT  BblSpaTb  HaHaJIbHblH 
npOAeT  AO  6  KM  H  BEinOAHHTb  OnepaHHIO  30HAHpOBaHHK  npH  CKOpOCTKX  cGAtDKeHHA 
AO  8-10  km/c.  Macca  oGecneHHBatomnx  ycrpoficTB,  ocTaiomuxca  Ha  GopTy  cnyTHH- 
Ka,  oneHHBaerca  Ha  ypOBHe  3  -  8  Kr. 

Heo6xOAHMO  OTMeTHTb,  HTO  B03M03KH0CTH  C/J3KA  no  oSnaCTH  npHMeHeHHH  H 
BbiGnpaeMOMy  nponery  Moryr  6brrb  3HannTeAbHo  pacnrapeHbi  3a  cneT  ociiainenna 
CTapTOBWM  TBepAOTOnAHBHbIM  ABHraxejieM  C  MaAbIM  BpeMeHCM  paGOTbl. 

Hime  npHBOAaxca  HeKOTopbie  pe3ynbTaxbi  HccneAOBaHHH  am  Biopon  h  Tpe- 
Tben  cxeM  no  pemeHHio  yriOMaHyTOH  Bbinie  kaiohcboh  npoGneMbi  noAyHeHHa  bh- 
AeoH3o6pa»ceHHa  6e3  "cMa3a"  3a  chct  "ooHyAeHHH"  yraoBoii  ckopocth  ahhhh  bh3h- 
poBaHHH.  3to  AOCTHraerca  n;preM  cooTBercTByiomero  MaHeBpHpoBaHiia  C.ZJ3KA  b 
npocTpaHCTBe  h  MHHHMH3annn  Hanajibiioro  npoAeTa  ao  HecKOAbKHX  MerpoB  k  mo- 
Memy  AeTaAbHoro  30HAnpoBaHH». 

npH  npoBeAeHHH  HCCAeAOBaHHH  HcnoAb30BaAacb  MaTeMaTHHecKaa  MOAeAb  ch- 
CTeMbi  ynpaBAeHHH,  CTpyicrypHaa  cxeMa  KOTOpon  npeAcraBAeHa  Ha  pnc.  2. 
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AnropiiTM  ynpaBJienHs  ABuraTejiAMH  COC  (6jiok  6),  a  Taoce  MOflejit.  JOfYC 
(6JI0K  7)  HM6IOT  BHA>  npHBCAeHHbM  Ha  pHC.  3. 

B  MaTeMaraHecKOH  moacah  yMTeHbi  TaKHe  ^aicropbi  k<ik  oxHocuTejibHoe  abh* 
xceHHe  C^3KA  h  KA,  AHHaMHica  h  TonnocTb  HH^opMannOHHbix  KaHajioB  c  nocrpoe- 
HHeM  h  o6pa6oTKoii  H3o6paaceHna,  AnnaMHica  h  tohhoctb  CHcreMbi  cTa6Hjm3annH, 
a  TEKJKe  oco6eHHOCTH  HcnoJiHHrejibHbix  flBHraTejiefi.  Mo^e.nb  BKjiKmer  6jiok  1  ot- 
HocHTejibHoro  ^BHxceHHH  C^3KA  h  KA;  6aok  2,  onncbiBaioiAHH  (JjyHKijHOHtipOBaHHe 
HH^)opMaiiHOHHoro  icaHana;  6jiok  3,  conepxcamnH  ypaBHeMna  ynios  MexcAy  Kopny- 
com  h  jiyneBOH  chctcmoh  koopahhbt;  6jiok  4,  onHCbreaioiAHH  yraoBbie  ABwaceHna 
Kopnyca;  6jiok  5,  onncbiBaiomHH  (J)opMHpOBaHHe  ynpaBJiaioiHnx  bosachctbhh  BOKpyr 
ueHTpa  Macc;  6jiok  6,  onncbiBaiomHH  ajiropuTM  ynpaBjieHna  MHKpoABHraTexaMH 
COC;  6jiok,  7  coaepacamiiH  SKBHBajieHTHoe  onncaHHe  AaTHHKOB  yrxBon  ckopocth; 
6jiok  8,  coflepacaiUHH  BbipaxceHHa  aa»  nepeBoaa  Bemropa  ycxopeHHa  H3  CHCTeMbi  ko- 
opflHHaT  Kopnyca  b  jiyneByio  cucreMy  icoopflHHaT;  6jiok  9,  onHCbiBaiomHH  4)opwK- 
poBaHHe  ynpaBjunomax  bosachctbhh  Ha  Hemp  Macc;  6jiok  10,  coAepxcamnfi  ajiro- 
puTM  ynpaBAeHHa  pempOM  Macc;  6jiok  11c  ypaBHCHHHMH  BMHHCjieHna  npojiera. 

IIoJiyHeHO,  hto  npn  ncnoxb30BaHHH  cOBpeMeHHbix  h  nepcneKTHBHbix  ajieMeH- 
tob,  TaKHx  Kax  OIIY  c  hhcjiom  3JxeMeHTOB  He  MeHee  256x256,  BHAeonpoqeccopa  c 
reMrioM  BbiHHCJieHHH  50  Tu,  ABHrarejieH  COC  h  ABiiraTexefi  MaHeBpupoBaHna  c 
6bICTpOACHCTBHeM  H3  xyxce  COOTBeTCBeHHO  1.5  MC  H  7  MC,  mHpOKOnOJIOCHHX 
AaTHHKOB  yraoBOH  cKopocra  c  iuioTHOcTbio  inyMOB  He  Qo.aee  0.01  -  0.02  rp/c(Tn) 
Moacer  6brrb  oSecneneHO  c6jinxceHHe  h  noxyneHne  KanecTBemioH  h  AeTanbHoft  bmaco 
HH<f)OpMaiJHH. 

npOBOflHMbie  HaMH  HHHHHaTHBHbie  HCCJieAO B3HHB  6yAyr  npOAOJiaceHbl  C  HC- 
nojib30BaHHeM  mctoaob  nojiy($m3HHecKoro  MOAeJiHpoBaHHa.  ]\ six  3Toro  coa^aH  cne- 
HuajibHbifl  creHA,  HMtrrapyK) m hh  BbicoKOCKopocTHoe  cOjwxceHne  c  KA  h  pa6ory  ch- 
creMbi  HaBeACHHa.  Pa3pa6oTaH  Taitxce  cnennajibHbiH  ctcha  aaa  noATBepxcAeHna 
tohhocth  cra6HjiH3aHHH  He  xyace  5*10  ym  c.  c  HcnoJib30BaHneM  ra3ocrpyHHbix  abh- 
raTeJieH  h  cneqHanbHbix  ajrropuTMOB. 

XOTeAOCb  6bl,  HT06bI  B  3aKAK)HHTeJIbHbIX  AOKyMCHTaX  KOH<t)epeHHHH  6bIAO 
oTMeneHO  HanpaBJieHHe  pa6or  no  AHCTaHimoHHOMy  3OHAHp0BaHHK>  KA  icax  npnopH- 
TeTHoe  h  6mao  6bi  noAroroBAeHO  cooTBeTCTBjAomee  oSpameHne  k  kocmhhcckhm 
areHTCTBaM  BeAymux  CTpaH  Mupa  o  npoBCACHHH  coBMecrabix  pa6oT  b  aahhom  Ha- 
npaBAeHHH  no  MexcAyHanoAHoii  nporpaMMe. 
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Creation  and  injection  in  outer  space  of  a  large  number  of  spacecrafts  (SC), 
bearing  civil  and  militaiy  functions  and  being  potential  sources  of  various  scale 
technogenic  catastrophes,  determine  the  relevance  for  countries,  members  of  world 
community,  of  having  their  own  special  complexes  of  technical  means  for  performing, 
in  case  of  necessity,  automated  remote  detailed  probing  of  SC. 

Use  of  a  spacecraft  of  the  Shuttle  type  for  detailed  probing  of  wreck  SC  cap  be 
impeded  due  to  safety  concerns  and,  besides,  it  may  be  not  in  compliance  with  the 
requirements  of  fulfilling  the  probing  operations  within  the  required  strictly  limited 
terms.  The  factors  of  no  small  consequence,  which  shall  be  taken  into  account  when 
selecting  the  probing  technique,  are  the  cost  of  the  necessary  complex  of  technical 
means  and  the  cost  of  works  needed  for  carrying  out  the  probing  operation. 

It  seems  to  be  expedient  to  create  a  special  small  satellite  for  accommodation  of  a 
detachable  automated  instrument  for  remote  detailed  probing  of  spacecrafts  (IRDPSC) 
having  its  own  information  channels  and  its  own  position  control  and  maneuvering 
system.  IRDPSC,  after  its  detachment  off  the  small  satellite,  performs  approach  to  the 
inspected  SA  and  information  transfer  to  a  retransmitter.  At  the  small  satellite,  the 
IRDPSC  support  system  for  use  previous  to  IRDPSC  detachment  off  the  satellite  and 
the  equipment  for  radio  reception  of  IRDPSC  information  and  transmitting  it  tp  the 
Earth  or  to  the  SC  -  carrier  of  the  small  satellite  are  installed. 

Launching  of  such  small  satellites,  with  IRDPSC  aboard,  to  a  predetermined 
region  can  be  made,  depending  on  the  situation,  from  land  by  a  small  rocket-carrier  or 
by  a  manned  spacecraft,  or  the  satellite  can  be  placed  on  board  of  a  space  station  and 
be  detached  off  it  at  the  required  moment  of  time.  In  the  last  case  the  small  satellite 
with  IRDPSC  can  be  also  used  for  estimation  of  condition  of  the  station  itself. 

At  present,  there  are  no  such  necessary  complex  of  technical  means,  and  the 
problem  of  automated  remote  detailed  probing  is,  on  the  whole,  in  the  stage  of 
conceptual  design.  Solution  of  this  problem,  owing  to  its  great  complexity  and 
considerable  cost,  requires  appealing  to  leading  countries  of  the  world. 

In  the  said  problem  there  can  be  emphasized  at  present  the  following  foundational 
tasks: 

definition  of  conceptual  requirements  to  properties  and  parameters,  which  the 
complex  of  remote  probing  shall  have,  selection  of  the  haul  scheme  for  a  small  satellite 
bearing  IRDPSC; 

search  for  optimum  ensemble  of  foundational  technical  solutions  aimed  on 
construction  of  the  complex  with  consideration  of  its  realizability  within  acceptable 
terms  and  of  restrictions  on  the  apportioned  resources; 

solution  of  key  scientific-and-engineering  and  teclinological  problems  of 
realization. 
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All  the  three  tasks  are  now  at  various  stages  of  their  studying  and  solution.  The 
obtained  results  can  produce  mutual  effect  on  the  decisions  being  accepted  within  the 
scope  of  the  above  tasks.  After  solving  these  tasks,  full  scale  development  can  be 

spreaded  on.  . 

In  this  report  are  discussed  the  possible  solutions  of  the  second  task  in  application 
to  IRDPSC.  Such  approach  can  be  explained  by  the  considerable  scientific-and- 
engineering  backlog  existing  in  this  direction  and  belonging  to  the  authors’ 
organization. 

Since  all  the  listed  tasks  are  in  the  process  of  their  solution,  this  report  discusses 
the  sufficiently  wide  ensemble  of  technical  approaches  conditioned  by  ensuring  the 
covering  with  the  proposed  schemes  of  wide  range  of  achievable  output  parameters  of 
IRDPSC.  This  permits  to  realize  the  process  of  full-scale  optimization  for  the  problem 
in  general,  and  for  choice  of  technical  solutions  and  parameters,  in  particular,  with 

consideration  of  wide  ensemble  of  factors. 

Within  the  scope  of  the  proposed  report,  the  means  of  probing  are  discussed, 
providing,  in  the  process  of  approaching  the  inspected  object,  the  observation 
information  in  several  ranges  of  the  optical  emission  spectrum  (visible,  ultravjolet, 
infrared  with  two  sub-ranges)  with  linear  resolution  up  to  units  of  centimeter,  and  its 

transfer  to  the  retransmitter.  .  . 

As  the  foundational  condition,  it  has  been  accepted  that  from  the  carrier  it  shall 
not  be  required  to  ensure  high  precision  of  IRDPSC  insertion  in  the  predetermined 
area  and  low  velocities  of  approaching.  In  authors  opinion,  the  acceptable  shall  bp  the 
requirements  of  insertion  precision  not  better  than  10  km  and  velocity  of  approaching 
not  better  than  4-8  km/s.  In  this  case,  there  shall  be  no  need  for  long  carrier 
maneuvering  during  approach.  The  cited  requirements  levels  allow  considerable 
diminishing  of  costs  for  the  inspection  task  under  condition  of  creating  relatively  cheap 
mini-  IRDPSC  with  necessary  characteristics. 

The  key  technical  problem  of  IRDPSC  creation  is  obtaining  videoimages  with 
high  level  of  angular  discrimination  in  the  course  of  approaching  the  inspected 
apparatus  up  to  very  small  distances  at  large  velocities  and  initial  flybys.  These 
requirements  involve  considerable  angular  velocities  of  the  axis-of-sight  and, 
consequently,  the  blurred  picture.  To  get  good  quality  image,  one  shall  provide 
velocity  of  the  axis-of-sight  not  higher  than  0.1  -  0.2  deg/sec.  This  can  be  obtained  if 
the  control  system  of  IRDPSC  shall  provide,  in  the  course  of  approaching,  decrease  of 
initial  flyby  to  units  of  meter  with  the  guaranteed  miss  during  the  fly  by  the  inspected 
SC. 

The  analysis  of  possible  ways  of  IRDPSC  design  shows  that  of  all  their  diversity 
both  general  for  most  schemes  principles  of  design  and  alternate  principles  can  be 
emphasized. 

The  general  principles  can  involve: 

utilization  of  optical  channels,  as  being  the  most  informative; 

application,  as  the  simplest  in  realization,  of  jet  systems  with  the  pulse  mode  of 
operation  and  fixed  draft. 

The  alternate  principles  of  design,  ensuring  considerably  differing  design  schemes, 

can  involve:  .  .  . 

use  of  passive  stabilization  in  space  through  rotation  or  active  stabilization  with 

the  help  of  micro-engines; 
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use,  as  the  engine  plant  for  maneuvering,  of  a  rotating  plant  with  control  in  the 
polar  coordinate  system,  or  a  non-rotating  plant  with  control  in  the  orthogonal 
coordinate  system; 

use  of  an  information-control  system  with  its  own  system  of  gyrostabilization  or 
use  of  a  single  stabilization  system  for  the  whole  IRDPSC  and  mounting  of  optical 
channels  immediately  on  the  bearer  frame; 

use  of  a  photo-receiving  device  with  the  line  or  matrix  structure. 

Essential  influence  on  the  intercepter  looks  and  its  abilities  produces  choice  of  the 
visible  and  ultraviolet  ranges  for  the  information  device  with  moderate  level  of  a 
photo-receiving  device  cooling,  or  the  infra-red  range  and  deep  cooling,  or  their 
combinations. 

The  carried  out  investigations  allowed  us  to  select  three  main  considerably 
differing  basic  schemes  which  can  be  taken  as  the  principle  for  designing  IRDPSC. 
These  schemes  are  built  on  the  basis  of  integral  combinable  technical  solutions,  they 
have  their  own  regions  of  preferable  application. 

The  first  basic  scheme  is  characterized  by  use  of  the  following  design  principles 
(Figure  1  a): 

implementation  of  the  bearing  structure  in  the  form  of  a  disk  with  large  polar 
moment  of  inertia,  having  an  information-control  system  in  the  disk  central  part,  and  an 
engine  at  its  periphery  part; 

providing  stabilization  in  space  by  low  frequency  rotation  of  the  whole  structure 
relative  to  the  direct  axis; 

use  of  a  solid-propellant  maneuvering  engine  in  the  form  of  a  circular  set  of  pulse 
engines; 

application,  for  the  tasks  of  directing  and  sensing,  of  a  single  high  precision 
optoelectronic  multispectra  (UV,  Visible,  ER)  information-control  system  with  multiple 
matrix  photoreceiving  devices  (PRD)  and  an  internal  high-precision  three-stage 
gyrostabilization  system. 

Among  the  merits  of  this  scheme  one  can  name  its  realizability,  considering 
present  technological  levels,  existence  of  a  sufficient  backlog  in  key  technologies, 
safety  and  reliability,  absence  of  specific  strict  ecological  requirements  for  near-ground 
tests  involving  engine  starting. 

The  main  problems  of  IRDPSC  development  are  the  following: 

ensuring  high  precision  of  control  under  shock  and  vibration  loads  which  cause 
the  image  movement  across  the  PRD; 

achieving  necessary  reserve  of  the  available  characteristic  velocity  at  acceptable 
mass  and  size  levels; 

ensuring  necessary  operating  speed  of  digital  image  processing  and  generation  of 
control  commands  in  real  time  scale. 

These  problems  are  practically  solved  at  present.  The  development  efforts  have 
shown  that  at  the  existing  technological  level  a  rotating  IRDPSC  can  be  developed, 
having  a  solid-propellant  multiple  engine  power  plant  of  17  -  20  kg  mass  and  a  reserve 
of  characteristic  velocity  of  about  300  m/sec,  capable  of  taking  up  several  kilometers 
of  initial  flyby  and  providing  transmitting  of  observation  information  at  the  approaching 
velocities  up  to  4  -  5  km/sec.  Mass  of  the  server  devices  (launcher,  cooling  system)  left 
at  the  satellite  is  estimated  at  the  level  of  10  -  15  kg.  The  wide  range  of  the  mass  values 
is  explained  by  various  possible  sets  of  information  channels.  The  lower  value 
corresponds  to  presence  of  solely  one  optoelectronic  channel  in  visible  or  ultraviolet 
spectral  regions. 
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Among  the  limitations  of  the  scheme  are  the  following: 

sharp  mass  increase  with  the  characteristic  velocity  reserve  increasing  above  300 
m/sec,  which  is  necessary  at  initial  flybys  higher  than  2-3  km; 

problematicity  of  achieving  high-precision  directing  at  high  velocities  of 
approaching  (more  than  4  -  5  km/sec)  due  to  presence  of  elastic  deformations  m  the 
gyrostabilizator  between  the  optical  system  and  the  photo-receiving  device,  caused  by 
continuous  intensive  vibroimpulsive  loads  due  to  engine  operation; 

high  enough  design  complexity  of  the  cooling  system  for  the  IR  channel  and  of 
the  electric  supplies  through  the  cardan  bracket  of  the  gyrostabilizator  system; 

problematicity  of  repeated  operative  change  of  the  IRDPSC  space  orientation. 

The  second  basic  scheme  eliminates  defects  of  the  first  and  differs  in  the  main  by 
the  following  (Figure  lb): 

designing  of  the  bearing  structure  in  the  form  of  a  stabilized  non-rotating  m  space 
bearing  platform  with  rigid  mounting  on  it  of  the  information-control  system,  the 
maneuvering  engine  and  the  position  control/ stabilization  system  (PCSS)  using  micro¬ 
engines; 

elimination  of  the  inherent  gyrostabilization  system  with  cardan  bracket  from  the 
information-control  system  and  imposing  requirements  of  high  precision  on  the 

platform  stabilization  system;  . 

use  of  a  liquid-propellant  four-engine  power  plant  for  maneuvering  instead  of  a 

solid-propellant  multi-engine  rotating  plant. 

As  one  of  the  main  advantages  of  this  scheme,  the  possibility  can  be  noted  of 
designing  IRDPSC  with  several  times  greater  taken  up  misses  at  lower  mass  due  to 
greater  energetic  capabilities  of  the  liquid-propellant  engines  and  higher  level  of 
miniaturization.  The  suggested  scheme  has  also  more  simple  design  solutions  of  the 
problems  of  information  channels  allocation  and  of  their  elements  cooling  thanks  to 
their  rigid  fastening  at  the  platform.  The  possibility  is  ensured  also  of  operative  change 
of  IRDPSC  orientation. 

The  main  problems  of  IRDPSC  development  according  to  this  scheme  are: 
achieving  for  control  and  probing  purposes,  required  high  precision  of  the 
platform  stabilization  with  solely  PCSS  micro-engines  in  conditions  of  mismatch 
between  the  maneuvering  engines’  thrust  vectors  and  the  mass  center  and  presence  o 

intensive  vibroimpulsive  loads;  . 

ensuring  necessary  safety  during  storage,  testing  and  aboard  operation  of  tan  s 

with  liquid  fuel;  .  , 

miniaturization  of  the  devices  and  development  of  an  engine  plant  with  high  level 

of  wholesale  perfection. 

The  above  problems  are  in  the  stage  of  their  solving. 

The  design  efforts  have  shown  that  in  the  case  of  application  of  the  new 
developing  engineering  approaches  an  IRDPSC  can  be  designed  with  the  mass  of  14  - 
17  kg  and  the  characteristic  velocity  reserve  of  0.6  -  0.8  km/sec,  capable  to  take  up  the 
initial  miss  as  large  as  10  km  and  fulfill  the  probing  operation  at  velocities  of 
approaching  as  high  as  8  -  10  km/sec.  Mass  of  the  server  devices  left  aboard  the 

satellite  is  estimated  as  3  -  8  kg. 

Among  the  disadvantages  are  the  insufficient  work-out  given  to  fundamental 
design  and  engineering  solutions  and  the  necessity  of  developing  the  element  base  with 
qualitatively  new  level  of  characteristics.  The  especially  acute  problem  for  RF  and 
other  leading  countries  is  the  problem  of  developing  the  miniature  high  precision  wide¬ 
band  vibroimpulse-resistant  sensors  of  angular  velocities  (SAV)  required  for  high 
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Figure  3 
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precision  operation  of  the  IRDPSC  control  system.  Besides,  it  should  be  noted,  that 
near-ground  tests  involving  starting  the  liquid-propellant  engine  are  conditioned  by 
necessity  of  developing  a  special  test  area  which  meets  all  comprehensive  strict 
ecological  requirements. 

The  third  basic  scheme  (Figure  1  c)  differs  from  the  second  in,  first  of  all?  the 
elimination  of  defects  due  to  use  of  a  liquid-propellant  engine.  In  this  scheme  a  solid- 
propellant  plant  is  used  with  preliminary  formation  of  working  medium  in  a  gas- 
generator  and  its  consequent  gates  allocation  to  engines.  The  third  scheme  differs  from 
the  second  in  considerably  greater  safety  during  tests  and  operation.  Near-ground  tests 
do  not  require  special  costly  constructions  with  specific  technical  means  of  fuel 
gathering  and  neutralization.  However,  this  scheme  loses  in  mass.  Among  the 
problems,  incidental  to  the  third  scheme,  is  the  problem  of  ensuring  reliable  functioning 
of  the  valves  distributing  high  temperature  gas  flows. 

In  accordance  with  design  efforts  carried  out  for  the  sake  of  the  third  scheme,  the 
possibility  has  been  determined  of  developing  IRDPSC  of  14  -  17  kg  mass  with  the 
characteristic  velocity  reserve  of  0.4  -  0.6  km/sec;  such  IRDPSC  can  take  up  the  initial 
flyby  not  exceeding  6  km  and  perform  probing  operation  at  the  approaching  velocity  as 
high  as  8  -  10  km/sec.  Mass  of  the  server  devices  left  aboard  the  satellite  is  estimated 
at  the  level  of  3  -  8  kg. 

It  should  be  noted,  that  capabilities  of  IRDPSC  concerning  range  of  application 
and  taken  up  flyby  can  be  considerably  improved  by  using  a  booster  solid-propellant 
engine  with  short  operation  life. 

Lower  on  are  presented  some  investigation  results  for  the  second  and  the  fhird 
schemes  concerning  solution  of  the  above  key  problem  of  obtaining  a  video-image 
without  blurring  at  the  expense  of  «nulling»  angular  velocity  of  the  line  of  sight.  This  is 
achieved  by  adequate  IRDPSC  maneuvering  in  space  and  by  minimization  of  the  initial 
flyby  to  several  meters  on  the  moment  of  detailed  sensing. 

In  the  investigations  the  mathematical  model  of  the  control  system  was  used,  its 
structure  layout  is  given  in  the  Figure  2. 

The  control  algorithm  for  PCSS  engines  (block  6)  and  the  SAV  model  (block  7) 
are  presented  in  Figure  3 . 

The  mathematical  model  accounts  for  such  factors  as  relative  motion  of  IRDPSC 
and  SC,  dynamics  and  precision  of  the  information  channels  with  formation  and 
procession  of  images,  dynamics  and  precision  of  stabilization,  as  well  as  peculiarities  of 
the  actuating  engines.  The  model  includes  the  block  1  of  relative  motion  of  IRDPSC 
and  SC;  the  block  2,  describing  operation  of  the  information  channel;  the  block  3,  with 
equations  for  angles  between  the  box  and  the  ray  coordinate  system;  the  block  4, 
describing  angular  motions  of  the  box;  the  block  5,  describing  generation  of  control 
actions  around  the  mass  center;  the  block  6,  describing  the  control  algorithm  for 
micro-engines  of  SAV;  the  block  7,  with  equivalent  description  of  the  angular  velocity 
sensors;  the  block  8,  with  the  expressions  for  the  acceleration  vector  transformation 
from  the  box  coordinate  system  to  the  ray  coordinate  system;  the  block  9,  describing 
generation  of  the  mass  center  control  actions;  the  block  10,  with  the  algorithm  of  the 
mass  center  control;  the  block  11,  with  the  equations  for  flyby  calculation. 

It  has  been  obtained  that  application  of  modem  and  perspective  elements,  such  as 
the  photo-receiving  device  with  the  number  of  elements  not  less  than  256x256,  the 
video  processor  with  calculation  rate  50  Hz,  the  PCSS  engines  and  the  engines  of 
maneuvering  with  fast  response  of  1.5  msec  and  7  msec,  the  wide-band  angular 
velocity  sensors  with  noise  density  not  higher  than  0.01  -  0.02  deg/sec(Hz0  5),  can 
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ensure  approaching  operation  and  receiving  high  quality  and  detailed  video¬ 
information. 

The  initiative  investigations  earned  out  here  shall  be  continued  with  applicatiqn  of 
semi-physical  simulation  methods.  With  this  purpose  in  view,  a  special  stand  is 
designed  imitating  high-velocity  mode  of  approach  to  SC  and  operation  of  the 
guidance  system.  Furthermore,  a  special  stand  is  designed  for  the  purpose  of 
confirming  the  stabilization  precision  better  than  5-10  minutes  of  arc  with  utilization 
of  gas-jet  engines  and  special  algorithms. 

We  would  like  to  see  in  the  final  documents  of  this  conference  that  the  works 
on  remote  probing  of  SC  are  defined  as  forming  the  foreground  direction.  It  would  be 
reasonable  to  have  prepared  at  this  conference  an  adequate  appeal  to  space  agencies  of 
the  leading  world  counties  for  carrying  out  mutual  work  in  this  direction  according  to  a 
certain  international  program. 
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KoHiienumi  HH3Koop6Hxajibiioro  Majioro  KOCMnnecKoro 
annapa  ira  jracTaHUHOHHoro  aon/uipoBanufl  3cmjih 

F.B.  MajitnneB*,  A.II.  Cboxhh*,  B.A.  JIaM3HH**,  H./J,.  MarjraHOB***,  M.H. 

XannoB*** 

*  -  T ocyflapcTBeHHtiH  HaynHO-HccneuoBaxeJibCKHH  HHCXHxyr  npHKjiauHOH  MexaHHKH  h 
3Jie KTpojiHHaMHKH  (HHHIIM3  MAM) 

125810,  r.  MocKBa,  BojioKanaMCKoe  in.  4 
0>aKc:(095)  1580367 

**  -  Mockobckhh  rocyuapcxBeraibra  aBHau.HOHHi.ra  HHCTHTyT  (MAH) 

***  -  HTIO  hm.  C.A.  JlaBoracHHa 

PaccMaipHBaeTCH  KOHqenuHs  Majioro  KocMHuecKoro  annapaTa 
UHCTaHUHOHHoro  30HUHpoBaHHH  3eMJiH  (/],33)  c  HHTepaKTHBHBiM  ynpaBJieHHeM 
npopeccoM  cbcmkh, 

peajiH3auHH  HHxepaKTHBHoro  ynpaBJieraifl  Hcnojib3yexca  uByxypoBHeBaa 
CHCTeMa  UHCTaHUHOHHOrO  30HflHp0BaHHH  3eMJTH,  COCTOaiuaa  H3  UByX  OnTHKO- 
3JieKTpOHHBix  ycTpcracTB  Ha  6a3e  II3C  MaTpnu  c  pa3jraraH>iM  pa3peraeHHeM  (o63opnaa 
h  uexaJibHax  KaMepti). 

OnepaTHBHoe  nojiyneHHe  uejieBOH  HHcjjopMauHH  o  pernoHax  3eMHoir  noBepxHOCTH 
c  bbicokhm  pa3peraeHHeM  oSecneHHBaexca  nepeHauejiHBaHHeM,  BBin o jiHaeMBiM 
onepaTopoM  b  pejKHMe  pe;ajibnoro  BpeMeHH. 

Ha  6a3e  pa3pa6oxaHHbix  npoeierabix  Mouejien  npoBeuen  aHajiH3  xapaicrepHcxHK 
Majibix  KocMHHecKHx  annapaTOB  UHCxaHUHoraioro  30H/rapoB airaa  3cmjih  c  Maccofi  ox 
100  uo  300  Kr. 


CoBpeMeHHbra  KocMHuecKHift  annapax  (KA)  zracxaHiraoHHoro  30H/rapoBairax 
3eMJiH  CA33)  npeucxaBJiaex  co6oh  BbicoKoxomiyio  h  cjioxaiyio  cncxeMy.  AHanH3 
cyiuecxByioiuHX  cxeMHbix  pemerara  annapaxoB  ff33  noKa3an,  qxo  bbicokhc  xpeSoBamifl 
K  XOHHOCXH  OpHeHXaUHH  H  CXa6HJIH3aUHH  H  nponyCKHOH  CHOCoShOCXH  GopXOBOH 
pauHOjiHHHH  ueaeBOH  hh(J) opMauHH  3HaHHxenbHo  yBejiHHHBaiox  Maccy  cnyxHHKa  b 
uejioM1.  Pa3pa6oxKa  h  3Kcraiyaxairaa  nouoSHbix  annapaxoB  xpeSyex  npHBJieneHrai 
3HaHHXeJIbHbIX  (J)HHaiICOBbIX  CpeflCXB.  OUHHM  H3  OCHOBHbIX  MCXO/JOB  CHH>KeHHH  3axpax 
XBJiaexca  co3uairae  h  HcnojibsoBaHHe  kocmhhcckhx  CHexeM  HaSjnoueHHfl  3a  3eMneH  Ha 
6a3e  Majibix  annapaxoB2. 

C^opMHpoBaHa  KOHuenuHH  co3uaHna  KA  7(33  c  Maccon  ox  100  uo  300  kt 
Koxopaa  6a3Hpyexcx  Ha  cjieuyioiUHX  npramnnax: 

•  onxHMH3auna  o6beMa  imcjiopM  aurai  b  cooxbcxcxbhh  c  3anpocaMH  noxpe6Hxejieft; 

•  npHMeHeHHe  npneMHHKOB  rooGpaxceHHH  MarionyB cxBiixenb hbix  k  napaMexpaM 
cHcxeMbi  opHeHxauHH; 

•  Hcnojib30BaHHe  UByxcxyneHuaxoro  onxHico-ajieKxpoHHoro  KOMraiexca; 

•  peajiH3auHa  nporpaMMiioro  h  HHxepaKXHBHoro  MexouoB  HaBeueHiw; 

•  npHMeHeHHe  SopxoBoft  chcxcmbi  o6pa6oxKH  H3o6paxceHH;i; 

•  BKjnoneHHe  ueneBoro  onxHKO-ajieicxpoHHoro  KOMnuexca  b  KOHxyp  ynpaBjieHHs; 
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•  npHMeHeHHe  naccHBHbix  mctopob  opHeHTapnn  h  CTa6HPH3apHH  (rpaBHTanHOKHaa, 
aapopHHaMHPecKaa). 

AHaJIH3  pbIHKa  KOMMepHeCKOrO  HCn0Pb30BaHHa  HH(^OpMapHH  PHCTaHIIHOHHOrO 
30HflHpoBaHHfl  3cmjih  noKaxMBaeT,  pto  ocHOBHyio  Maccy  noTpeOnrepeH  Taxon 
KH(|>0pMaUHH  HHTepecyiOT  H306pa3Ke:HHH  nOBepXHOCTH  3eMJIH  co  cpepHHM  ypoBHeM 
jiHHenHoro  pa3pemeHH«  Ha  mccthocth,  nopypeHHbie  b  pa3PHPHHX  cneKTpanbHbix 
AHana30Hax.  Pa3pa6oTKa  KA  ^33  npepycMaTpHBaeT  ycTaHOBKy  annapaxypt,] 
HaSjnofleHHX,  no3BonaiomyFO  nopypaxb  H3o6paa<eHHa  co  cpepHHM  ypoBHeM  jiHHeHHOro 
pa3pemeiiHa  Ha  mccthocth  h  b  HecKOJibKHX  cneKTpaJibHbix  noppHana30Hax  BHpHMoro 
h  6jiH>KHero  HH^paKpacHoro  pHana30H03. 

CoBpeMeHHbie  KOCMHPecKHe  cpepcTBa  /)33  ppa  nopypemia  H3o6paaceHHa 
Hcnojib3yiOT  pasjiHHHbie  BapHaHTbi  IT3C  npHeMHHKOB  (pHHeHHbie  h  MarpHPHbie). 
Oco6eHHOCTb  npHMCHeHHH  JIHHeHHbIX  npHeMHHKOB  roc  3aKJHOHaeTCH  B 
HeoSxoaHMOCTH  OCyipeCTBPaTb  CKaHHpOBaHHe  CHHMaeMOH  nOBepXHOCTH.  06bIPIIO 
TaKoe  CKaHHpoBaHHe  mopcho  ocyipecTBjiaTb  3a  cpeT  opSHTanbHoro  pBHaceiiHa 
KOCMHHecKoro  annapaTa  («MapmpyrHaa»  cbeMKa).  B  HeKOTOpbix  cpypaax 
HcnoJibsyeTca  CKaHHpoBaHHe  3a  chct  yrpoBoro  pBHaceHHa  KA  hph  cnepHajibHoro 
3epKajia.  TaKHe  cxcmbi  BbipBHraioT  pocraTOPno  6oPbnrae  TpeSoBarora  k  tophocth 
CHCTeMbI  CTa6HJIH3apHH  H  OpHCHTaUHH .  3t0  npHBOflHT  K  y B eJIHHeHHIO  Maccbl  KA. 
Hcnojib30BaHHe  chctcmbi  opHeHTanHH  h  cTa6HJiH3anHH  c  Sojiee  hh3Khmh  tophoctpmh 
npHBOAHT  k  yxynuieHHio  Kapecraa  H3o6paacemia. 

B  pe3yjn>TaTe  ananma  cyuiecTByiomHX  npHeMHHKOB  H3o6paaceHHa  Bbi6op  6bip 
cpepaH  b  nojib3y  nSC-MaTpHn.  Ohh  no3BOPaiOT  perHCTpnpOBaTb  HaoSpaacemie  6e3 
ponoPHHTepbHbix  cKannpyiounix  ycTpoitcxB  h  npncnocoSjieHHH.  Pacnoparaa  MaTpHHbi 
b  «maxMaTHOM»  nopapxe  moxcho  po6htbc«  TpeSyeMoro  3Hapemia  nonocbi  3axBaTa. 
nPn  paHHOM  pacnojioaceHHH  MaTpHip  HcnoPb3yeTca  MeTop  «MapmpyrHOH»  cbeMKH. 
CKaHHpoBaHHe  o cyipe ctb jraeTca  3a  cpeT  op6HTapbHoro  pBHaceHHa  KoeMHPecKoro 
annapaTa.  IlepeHanePHBaHHe  och  BH3HpOBaHna  onTHKO-speKTpoHHoro  KOMnnexca 
ocyipecTBPaeTca  nepneupmcypapno  HanpaBPeHmo  noneTa  annapaTa  npn  noMOipn 
3epKana  (c  bbicotbi  400  km  nonoca  o63opa  cocTaBPaeT  600  -  800  km).  TpeGoBaHHe  k 
tophocth  cTa6HPH3apHH  annapaxa  3HaPHTepbHO  croiaceHO  3a  cpeT  «MrHOBeHHOH» 
perHCTpapHH  H3o6paaceHHa  nOBepXHOCTH  HecKOPb khmh  MaTpnnaMH  pa3MemeHHbiMH  b 
«niaxMaTHOM»  nopapKe.  Pacnopoacenne  MaTpnp  no3BOPaeT  nopyPHTb  KanecTBeHHoe 
«MapmpyTHoe»  H3o6paaceHHe  npn  pocTaTOHHO  chpbhom  paccorpacoBaHHe  Mea<py 
HanpaBPeHHeM  cKaHHpOBaHHa  (HanpaBPeHHe  nopeTa)  h  cxopSpaMH  MaipHii  (npn 
Hcnopb3GBaHHH  5  MaTpHp  4>opMaTa  500  x  582  apeMeHTOB  c  30HOH  nepeKpbiTHa  b  46 
3PeMeHTOB  3tot  yrop  MoaceT  pocTHraTb  2°).  JlHHeiiHoe  pa3penxeHHe  Ha  MecTHOCTH  c 
BbicoTbi  400  km  cocTaBPaeT  30  MeipoB,  nopoca  3axBaTa  -  50  KHPOMeipoB. 

KpoMe  CHCTeMbi  cTa6HPH3an,HH  h  opneiiTanHH  bhcokhc  Tpe6oBaHHa  k  KA  fl,33 
BbipBHraioTca  co  ctopohm  SopxoBoro  papHOKOMnpeKca.  Ero  xapaKTepncTHKH  popacHbi 
6biTb  conocTaBHMM  c  TpeGyeMOH  CKopocTbio  nepepapn  H3o6paaceHHa  (npn  npaMOH 
nepepape  BHpeoHHtJjopMapHH  Ha  HaseMHbiH  nyHKT).  JSfl&  peineHHa  stoh  npo6peMbi 
Moaoio  Hcnopb30BaTb  HecKOPbKo  pemeHHH.  Bo-nepBbix,  mopcho  OTKa3aTbca  ot 
HenocpepcTBeHHOH  nepepapn  H3o6paaceHHa  Ha  Ha3eMHbiH  nyHKT,  a  ocyipecTBpaTb  ero 
3airacb  Ha  6opTOBoe  3anoMHHaiomee  ycTpoftcTBO  ppa  nocpe,pyiomero  «c6poca».  /]pa 
peineHHa  mhothx  3apap  HaSptopeHna  TaKOH  nopxop  aBpaexca  onTHMaPbHbiM,  a  HHorpa 
H  epHHCTBeHHbIM  (HaSpiOpeilHe  BHe  30HbI  papHOBHPHMOCTH  npH  OTCyTCTBHH 
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AonojimixejibHbix  cpencTB  pexpaHcjiaiiHH).  CoBpeMeHHbie  cpeacxBa  ii03B0Jiaiox 
npoH3BOAHTb  3anncb  Ha  3anoMHHaiomee  ycxponcxBo  c  BBejieHHeM  «c>KaxHa» 
HH^OpMapHH  (b  2-3  pa3a).  Bo-BXOpbIX,  B03M05KCH  BapHBHT  H  HenOCpeflCTBeHHOH 
nepena^H  BHaeonHcj]  opMaijHH  b  paAHOKaiiaji  c  Hcnojib30BaHHeM  ajiropHTMOB  «c>KaxHa». 
OfluaKO  3aztana  OAHOBpeivreHHoro  CHHXbreanHa,  cacaxna  h  nepeflann  mnjjopMaiiHH 
Moacex  OKa3axbca  flocTaxoHHO  cjioxchoh  KaK  b  amiapaxHOM,  xaK  h  b  nporpaMMHOM 
miaHe.  B  KancflOM  cjiynae  B03HHKaex  HeoSxo/iHMOcxi,  ycxaHOBKH  Ha  6opxy 
pa^HOjiHHHH  c  bwcokoh  nponycKHOH  cnoco6HocxbK).  Hacxo  nonb30BaxeJia  HHxepecyex 
HeSojibHion  o6i»eM  H3  bcch  nojiynaeMott  BHAeoHHcjiopMaHHH.  Hacxb  mitJjopMapHH  no 
neKOTopbiM  npHHHHaM  (HanpHMep,  noroAHbie  ycnoBHa  hjih  pacnojioaceHHe 
cHHMaeMoro  o6beicxa  oxHocHxejibHo  KA)  Moxcex  oKaiaxBca  MajionpHroimoH  hjih 
coBceM  HeripHroflHOH  jpia  Hcnojib30BaHna.  H3  axoro  cnejiyeT,  Heo6xopHMOCXb  Bbi6opa 
Hoab30BaxejieM  xojibKo  h6o6xo«hmoh  HH^opMapHH.  3xox  Bbi6op  cjienyex 
ocymecTBJiaxb  b  npopecce  cbmoh  cbcmkh.  Hxo  CHHHcaex  xpe6oBaHHH  k  nponycKiioii 
cnoco6HocxH  panHOKaHajia. 

Taxon  nojixop  k  nojiyxieHHK)  mujiopMaHHH  ox  KOCMtraecKHX  cpepcxB 
HaSjHOHeHHa  6bui  Ha3BaH  HHxepaKXHBHbiM  ynpaBjieHHeM  npopeccoM  cbcmkh  b 
BapnaHxax  c  Bbi6oponHOH  nepeflanen  nojiyqeHHon  HHtJiopMapHH,  c 

HenocpcjicxBeHHbiM  ynpaBjieHHeM  npopeccoM  cbcmkh,  c  npHMeHeHHeM  Ha3eMHbix 
cpejjcxB  pacno3HaBaHHa  oopa30B,  c  npHMeHeHHeM  SopxoBbix  cpejicxB  pacno3HaBaHHa 
o6pa30B3. 

Han6ojiee  npocxbiM  aBJiaexca  HHxepaKXHBHbitt  Mexoji  c  bbiSopohhoh  nepezianeii 
nojiyqeHHOH  HH^opMaipra.  JJpx  ero  peajiH3apHH  npaKXHHecicn  He  xpeGyexca  BHeceHna 
H3MeHeHHH  b  xpaflHHHOHHyio  CTpyKxypy  KA  HaSnropeHna.  Cyxb  Mexojja  xaKOBa. 
Annapax  bxoahx  b  30Hy  pbjihobhjihmocxh  Ha3eMHoro  nyHKxa  ynpaBJieHHa  h  npneMa 
HH(J)opMaiiHH,  Ha  ero  6opx  nepejiaexca  KOMaHna  Ha  Hanajio  «MapmpyxHOH»  cbcmkh 
xpe6yeMbix  o6bckxob.  Bca  perncxpHpycMaa  HH^opMapna  noMemaexca  b  SopxoBoe 
3anoMHHaiomee  ycxpoficxBo.  OjjHOBpeMeHHo  c  sxhm  nponcxoflHX  npaMaa  nepenana 
BHjieoHH^opMapHH  Ha  Ha3eMHbiH  nyHi<x,  ho  npn  3xom  ohe  nojjBepraexca  cxcaxmo  c 
noxepen  KanecxBa.  B  pe3yjibxaxe  Ha  3eMJno  nocxynaex  npepBapiixeabHaa  HH^opMapna 
no  Koxopoft  mohcho  cyzmxb  o  xom,  KaKHe  H3  CHaxbix  o6b6Kxob  cnenyex  nojrynHXb  Ha 
H3o6pax<eHHH  c  peajibHbiM  pa3pemeHHeM.  B  pe3yjibxaxe  aHajiroa  Ha  H33eMHOM 
KOMiuieKce  ynpaBJieHHa  (JiopMHpyexca  KOMaHjja  ynpaBneHHa,  b  Koxopoft  yKa3biBaioxca 
xe  ynacxKH  H3o6paxceHHH,  Koxopbie  cjiepyex  H3Bjienb  H3  SopxoBoro  3anoMHHaiomero 
ycxpoHcxBa  h  nepejiaxb  Ha  SeMjno  c  peajibHbiM  pa3pemeHHeM.  B  pe3yjibxaxe  axoro 
xpe6yeMaa  HHcjjopMainta  Moacex  6birb  nepenaHa  na  xom  ace  bhxkc,  rixo  h  CBeMKa  (ecjra 
KA  6ynex  HaxoanxBca  b  30He  pannoBHjjHMOcxH)  hjih  Ha  nocaenyiomeM  bhxkc.  Jinn 
peajiH3apHH  axoro  Mexoua  xpeSyexca  onxHKo-ajieKxpomibift  komiuickc,  no3BOJiaiomHft 
npoH3BOAHXb  Mapuipyrayio  cbeMKy.  MoflepHH3aiiHH  nojiBepraexca  xojibko  6opxoBoe 
3anoMHHaK)in;ee  ycxpoftcxBO.  Oho  aojdkho  no3BOjiaxb  H3B.xeKaxb  H3  Bcero  MaccHBa 
HH(J)opMaiiHH  xojibko  xe  ynacxKH,  Koxopbie  HHxepecyiox  cneunajiHcxoB  Ha  3eMJie. 

Bojiee  cjioxcHbiM  aBJiaexca  HHxepaKXHBHbift  Mexoji  c  iienocpeucxBeHHbiM 
ynpaBjieHHeM  npopeccoM  cbcmkh.  LJeneBaa  annapaxypa  KA  AOJDKHa  BKjnonaxb  £Ba 
xnna  KaMep  -  o63opnyio  h  nexaubHyio. 

IlpHHiiHn  peHCXBHH  HHxepaKXHBHoro  ynpaBJieHHa  3aKJiioqaexca  b  cnejiyiomeM. 
KA  bxoahx  b  30Hy  pa/inoBHjiHMocTH  Ha3eMHoro  nyHKxa  ynpaBJieHHa.  IIpH  sxom  oh 
nepeflaex  Ha  Ha3eMHbra  nyHKX  H3o6pax<eHHe  ynacxKa  MecxHocxH,  CHaxoro  npn  noMonni 
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o63opHOH  KaMepbi  (ii3o6pa>KeiiHe  cpa3y  bbibo^htch  Ha  mohhtop  onepaTopa  Ha3eMHoro 
nyHKTa).  3to  moGpaxceHHe  xapaKreproyeTCH  HH3KHM  3HaneHHeM  jiHHeiiHoro 
pa3pemeHHa  Ha  MecxHocTH  (cothh  MeipOB)  h  Gojibhikm  pa3MepoM  3axB3rtiBaeM0H 
noBepxHocTH  (cothh  KHJiOMeTpoB).  Tlocne  nepenanH  H3o6paxceHHH  Ha  Ha3eMHbiH 
nyHKT  oct  BH3HpoBaHHX  o63opHOH  KaMepti  ynep>KHBaeTca  b  pempe  ynacTKa 
noBepxHocTH,  nepejiaiinoro  na  H33eMHbiH  nyHKT  ynpaBJieHHH.  Ha  Ha3eMHOM  nymcre 
ynpaBJieHHH  onepaTOp  aHauironpyeT  nojiyneHiioe  H3o6pa>KeHHe  h  BtiGnpaeT  ynacTOK 
MecxHocTH,  KOTopwtt  TpeSyeTCH  noJiynHTb  c  6onee  bbicokhm  pa3pemeHHeM.  Ilocjie 
3toto  KOMosioTep  Ha3eMHoro  nyHKTa  aBTOMaranecKH  (JjopMHpyeT  Ha6op  kombhh  Ha 
cteMKy  3anaHHoro  ynacxKa  mccthocth  h  riepenaeT  hx  Ha  6opT  KA.  CncxeMa 
ynpaBJieHHH  annapaTOM  ocyiaecxBjiaex  HaneniiBaHHe  och  BH3HpoBaHHH  neTajitHOH 
KaMepti  Ha  ynacTOic  noBepxHocTH,  BtiSpaHHtiH  onepaTopoM.  XapaKTeproyiomeecfl 
bhcokhm  3HanenHeM  jikhchhoto  pajpemeHHH  Ha  mccthocth  (ot  e^KHnn  no  necHTKOB 
MeTpOB)  H  MaJIbIM  pa3MepOM  CHKiMaeMOH  nOBepXHOCTH  (eflHHHHbl  HJIH  fleCHTKH 
KHJioMexpoB),  H3o6paxceHHe  c  neTajitHofi  KaMepbi,  nepe/jaeTCH  Ha  Ha3eMKbifi  nyHKT 
ynpaBJieHHH. 

nocne  3aBepraeHHH  nepe/janH  H3o6paxceHHH  HanHiiaeTCH  cjiejjyioiHHH  hhkji 
cteMKH.  riocjie  aHajiH3a  MCTona  Gbuih  nojiyneHbi  cjienyiOHi;He  jjaHHtie  o  jpiHTeJibHOCTH 
PHKJia,  IIpOH3BOflHTeJIbHOCTH  MBTO/^cL  H  BpeMeHH  npHHHTHH  peUieHHH  OnepaTOpOM  (jJJIH 

BbicoTw  nojieTa  annapaTa  b  400  km):  20  -  30  c,  20  -  30  oGteKxoB/ bhtok,  10  -  15  c. 
TaKOH  MeTOfl  peajni3yeTCH  Ha  kocmhhcckom  annapaTe  c  Maccoft  b  100  kt  (Macca 
neneBOH  airaapaTypti  - 16-18  kt),  HHijjopMaTHBHOCTb  paxmojiHHHH  -  1  M6on. 

CjiejiyiomHM  rnaroM  Ha  nyTH  Hcnojib30BaHHH  HHTepaKTHBHoro  Merojia 
HBjiHeTca  Hcnonb30BaHHe  Ha3eMHbix  cpe^cTB  pacno3HaBaHHH  o6pa30B. 

riepe/i  HanajiOM  pa6oTbi  c  KA  onepaTOp  3ajjaeT  xrajioHHbie  H3o6paxceHHH 
KOTopwe  TpeSyeTca  chhtb  bo  BpeMH  ceaHca  cbh3h.  EnGjiHOTeKa  axajiOHHtix  o6pa30B 
npeHCTaBJiaeT  coGofi  6aHK  jiaHHtix,  b  kotopom  coaepacaTca  H3o6paxceHHH  ynacrKOB 
noBepxHocTH  3eMJiH  c  hh3khm  pa3pemeHHeM. 

KA  bxojhit  b  30Hy  ]p anno  bhjjhm octh  Ha3eMHoro  nyHKTa  ynpaBJieHHH.  Ha 
Ha3eMHbiH  nyHKT  ynpaBJieHHH  nepenaexcH  H3o6pa>Keime  ynacTKa  mccthocth,  chhtoto 
npH  noMomH  o630pHoft  KaMepbi.  nocjie  nepenanii  H3o6pa>KeHHH  Ha  Ha3eMHtiH  nyHKT 
ocb  BH3iipoBaHHH  o63opHOH  KaMepbi  ynepxcHBaeTCH  b  nempe  ynacTKa  noBepxHocTH, 
nepe^aHHoro  Ha  Ha3eMHtra  nyHKT  ynpaBJieHHH.  Ha  Ha3eMHOM  nymere  ynpaBJieHHH 
CHCTeMa  BbiGopa  oGterra  cteMKH  aBTOMaxHnecKH  npoH3BOAHT  cpaBHemie 
nojiyneHHoro  H3o6pa)KeHHH  c  3TanoHaMH,  KOTopwe  3aji;aji  onepaTOp.  Ecjih  Ha 
nojiyqeHHOM  H3o6paxceHHH  npncyrcTByioT  ynacTKH  mccthocth,  coBnajjaioinne  c 
3TajioHHbiMH  no  pjijiy  npH3H3KOB,  to  CHCTeMa  (JiopMHpyeT  h  nepejjacT  Ha  KA  KOMaHjjy 
huh  cteMKH  3thx  ynacTKOB  c  noMombio  neiaiibHOH  KaMepbi.  CHCTeMa  ynpaBJieHHH 
annapaTOM  ocymecTBJiHeT  nepeHaneJiHBaHHe  peTajitHOH  KaMepti  Ha  ipeGyeMtiii 
ynacTOK  noBepxHocTH.  H3o6paxceHHH  nojiyneHHtie  nexajibHOH  KaMepon  nepenaeTCH 
Ha  HaieMHtiH  nyHKT  ynpaBJieHHH. 

nocae  3aBepmeHHH  nepefla'iH  H3o6paxceHHH  h;hkji  cteMKH  noBTopaeTCH. 
OnepaTop  MoxceT  npoaHajiH3HpoBaxt  HOBbie  H3o6paxceHHX  h  npn  HeoGxojjHMOCTH 
3aHecTH  hx  b  GnGnHOTeKy  axajioHHbix  o6pa30B.  B  pe3yjibxaTe  aHaJiH3a  MeTOji;a  GbuiH 
nojiyneHti  cnenyiomHe  naHHtie  o  nnHTejibHocTH  iiHKJia,  npoH3BonHTejitHocTH  Mercia 
h  BpeMeHH  npHHHTHH  peiHeHHH  onepaTopoM  (BticoTa  nojieTa  400  km):  15  -  20  c,  30  -  40 
o6teKTOB/BHTOK,  1  c.  TaKOH  MCTOfl  peajiH3yeTCH  Ha  KOCMHnecKOM  annapaxe  c  Maccoft  b 
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200  Kr  (Macca  qejieBOH  annapaTypw  -  20-30  Kr),  mnJiopMaTHBHocTB  pannonHHHH  -  1 
M6oa. 

Han6oaee  caoxchbim  c  tohkh  3peHHa  peanH3anHH  aBAaeTca  HHTepaKTHBHBiH 
Meraa;  c  HcnojiB30BaHHeM  SoproBBix  cpeflCTB  pacno3HaBaHHa  o6pa30B.  OflHaKO  k  ero 
npeHMymecTBy  cnenyeT  othccth  nojiHyio  aBTOMara3apmo  nponecca  HHTepaKTHBHoro 
ynpaBAeHHa.  EnaroAapa  axoMy  AOCTirraeTca  GoABinaa  npoH3BOAHTCABHOCTB  CHCxeMBi. 

Ilpa  naimoM  MeTo^c  onepaxop  3a^aex  3TanoHHBie  o6pa3pti  noBepxHOCTH 
3eMjiH  hah  o6x>eKTOB  Ha  ee  noBepxHOCTH,  KOTopBie  ipeGyeTca  chhtb  c  bbicokhm 
pa3pemeHHeM  h  33hocht  sth  AaHHtie  b  SopTOByio  OnGjiHOTeicy  3TanoHHBix  o6pa30B  (bo 
BpeMH  ceaHca  cbh3h).  Ha  6opTy  KA  AononHHTeABHO  ycTaHaBJi hb aiOTca  GopTOBaa 
6H6jIHOTeKa  3T3AOHHBIX  06pa30B  H  GopTOBOH  KOMnwoTep  o6pa6oTKH 
BHfleoH3o6pa>KeiiHH,  EopTOBaa  GnGnHOTeKa  3TajiOHHBix  o6pa30B  npe^cTaBjiaeT  coGoh 
6aHK  AaHHtix,  b  KOTopoM  coAepxcaTca  Tpe6yeMbie  H3o6paxceHHa  ynacTKOB 
noBepxHOCTH  3eMJiH  h  oGbcktob,  no,zpie»(amHX  cx>eMKe.  EnGAHOTexa  conepacHT  h 
npH3HaicH  oSxeKTOB.  Bara  AaHHbix  MO>KeT  H3MeHHTbca  h  AononiiaTbca  c  Ha3eMHoro 
nyHKTa  ynpaBneHna. 

AnriapaT  HannnaeT  cBeMKy  b  tot  momcht,  Kor^a  HaxoAHTca  HaA  ynacTKOM 
3eMJiH,  noflnejKaiBHM  H3yqeHmo.  nepBOHanaABHo  cBOMKa  mccthocth  npoBOAHTca  npn 
noMoipn  o63opHofi  KaMepBi.  llocjie  nonyneHHa  H3o6paaceHHa  annapaT  aBTOMaTHHecKH 
(Ana  3toto  BHAeoHR^opMapna  o63opHOH  KaMepBi  HenpepBiBHO  npeAocTaBJiaeTca  Ana 
cucTeMBi  ynpaBneHna  armapaTOM)  ynepAomaeT  ocb  BH3HpoBaHHa  o63opHoil  KaMepBi  b 
nempe  ynacTKa  3eMHoft  noBepxHOCTH.  EopTOBOH  KOMnwoTep  npoH3BOAHT  cpaBHCHHe 
nojiyqeHHoro  H3o6paaceHiia  c  axanoHaMH,  HaxoAauiHMHca  b  Goptoboh  GhGahotckc. 
IIpH  HajiHHHH  Ha  moGpaaceHHH  ynacTKOB  mccthocth  coBnaAaioinHx  c  3Taji0HHbiMH 
cHCTeMa  (J)opMHpyex  KOManny  AJia  npoBeAeHHa  cbcmkh  3  tax  ynacTKOB  c  noMoniBio 
AeTanbHOH  KaMepBi.  nonyneHHBie  H3oGpa>KeHHH  3anoMHHaioTca  b  Goptobom 
KOMnBiOTepe.  npH  HaxojKAeHHH  KA  b  30He  pbahobhahmocth  3th  H3o6paa(eHHa  Moryr 
6bitb  nepeAaHBi  Ha  Ha3eMHBiH  nyHKT.  Ha  Ha3eMHBm  nyHKT  ynpaBAeHHa  moacho 
nepenaBaTB  He  caMO  H3o6paaceHHe,  a  ahuib  (])0pManH30BaHHBiH  oTnex  o  HanHHHH  hah 
OTCyTCTBHH  Ha  CHHMaeMOH  nOBepXHOCTH  o6BeKTOB  COBnaAaiOIAHX  C  3T3AOHHBIMH. 

nocne  aHaAH3a  MeTOAa  6biah  nonyneHbi  CAeAyioinHe  AaHHBie  o  atchtcabhocth 
AHioia  h  npoH3BOAHTeABHocTH  MeTOAa:  15  -  20  c,  ao  2«103  oSbcktob/biitok. 
HanpHMep,  TaKOH  \iexoA  peaAH3yexca  Ha  KA  c  Maccon  b  300  kt  (Macca  neneBon 
annapaTypai  -  ao  40  kt),  HH^opMaTHBHOCTb  p aAHO ahhhh  -  2  M6oa. 

JlHTepaTypa 

1.  TapSyK  C.B. ,  repuieH30H  B.E. .  KocMHnecKHe  chctcmbi  AncxaHiiHOHHoro 
30HAnpoBaHHa  3eMAH.  -  M.:  H3AaTeAbCTBo  A  h  B,  1997.  -  296  c.,  ha. 

2.  PnSoBa  H.B. ,  Ecbkob  /J.H.,  /(aHHAKH  A.II. .  MaABie  HCKyccTBeHHBie  cnyTHHKH  c 
onTHKo-3AeKTpoHHon  annapaTypon  b  nporpaMMax  AHCTaHiiHoimoro  30HAHp0Bamia 
3eMAH.//  ’’OnTHHecKHH  xcypHan”.  1996.  JVsl.  - C.4-19. 

3.  JIaM3HH  B.A.,  MaAbimeB  F.B.,  MarAHHOB  XaiijioB  M.H.. 
3KcnepHMeHTaABHbm  MKA  HaGmoACHHa  c  aneMenraMH  HHTepaKTHBHoro  ynpaBAeHHa. 
XXI  HaynHBie  HreHna  no  KocMOHaBTHKe,  MocKBa,  28-31  aHBapa  1997  r.  Te3HCBi 
AOKAaAOB.  M.,  HHET  PAH,  1997,  c  39-40. 


r.B.  ManBinieB,  A.n.  Cbothh,  B.A.  JIaM3HH,  H./J.  MarAHHOB,  M.H.  Xahaob 


Earth  Remote  Sensing  Low-Orbit  Small  Spacecraft  Concept 

G.V.  Malyshev*,  A.P.  Svotin*,  V.A.  Lamzin**,  I.D.  Maglinov***,  M.N.  Khaylov*** 

*  -  Research  Institute  of  Applied  Mechanics  and  Electrodynamics  of  Moscow  Aviation 

Institute  (RIAME  MAI) 

125810,  Moscow,  Volokolamskye  sh.  4 
Fax:  (095)  1580367 
**  -  Moscow  Aviation  Institute  (MAI) 

***  -  Lavochkin's  Accosiation 

Earth  remote  sensing  small  spacecraft  with  interactive  survey  process  control 
concept  is  considered. 

The  two-level  Earth  remote  sensing  system  consisting  from  two  opto-electronic 
units  based  on  the  CCD-matrixes  with  the  various  resolution  (survey  and  detail  cameras) 
is  used  for  realization  of  interactive  control. 

Purpose-oriented  data  obtaining  in  real-time  about  Earth  surface  regions  with  the 
high  resolusion  is  provided  by  repointing  executed  operator  in  real-time  mode. 

The  analysis  of  the  Earth  remote  sensing  small  spacecraft  performance  with  mass 
from  100  up  to  300  kgs  is  conducted  based  on  developed  design  models  . 


Earth  Remote  Sensing  (ERS)  state-of-the-art  spacecraft  (SC)  represents  the  high 
precision  and  complex  system.  The  analysis  of  ERS  SC  existing  circuit  solutions  has 
shown,  that  high  requests  to  accuracy  both  of  orientation  and  stabilization  and  the 
throughput  of  on-board  radio  channel  of  the  purpose-oriented  data  considerably  increase 
SC  mass  as  a  whole1.  Similar  SC  development  and  operation  require  attraction  of 
significant  financial  assets.  One  of  main  methods  of  cost  decreases  is  the  creation  and  use 
of  Earth  observation  space  systems  based  on  small  SC2. 

The  concept  of  ERS  SC  with  mass  from  100  up  to  300  kgs  has  developed.  It  based 
on  the  following  principles: 

•  received  data  parameters  optimization  according  to  the  user’s  requests; 

•  application  of  image  receivers  which  have  small  sensitivity  to  orientation  system 
parameters; 

•  use  of  a  two-stage  opto-electronic  complex; 

•  realization  of  programmed  and  interactive  pointing  methods; 

•  on-board  image  processing  system  usage; 

•  purpose-oriented  opto-electronic  complex  including  into  the  control  loop; 

•  use  of  passive  methods  of  orientation  and  stabilization  (gravitational,  aerodynamic). 

Analysis  of  commercial  market  of  ERS  data  usage  shows,  that  main  number  of 
users  of  such  data  interest  the  Earth  surface  images  with  average  spatial  resolution  level 
for  various  spectral  ranges.  ERS  SC  design  provides  the  observation  equipment 
installation  allow  to  receive  the  images  with  an  average  resolution  level  and  in  several 
spectral  (visible  and  near  infra-red)  ranges. 
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ERS  state-of-the-art  SC  use  the  various  options  of  CCD  receivers  (linear  and 
matrix).  The  feature  of  linear  CCD  receivers  application  consists  in  necessity  to  carry  out 
scanning  of  imaging  surface.  Usual  such  scanning  is  possible  to  carry  out  at  the  expense 
of  SC  orbital  movement  (route  survey).  In  some  cases  the  scanning  is  used  at  the  expense 
of  angular  movement  of  SC  or  special  mi  rror.  Such  schemes  put  forward  rather  large 
requests  to  accuracy  of  the  stabilization  and  orientation  system.  It  results  to  increase  of 
SC  mass.  Orientation  and  stabilization  system  usage  with  lower  accuracy  results  to  image 
quality  decreasing. 

As  a  result  of  the  existing  image  receivers  analysis  the  CCD-matrix  was  chosen. 
They  allow  to  register  the  image  without  additional  scanners  and  tools.  Putting  matrix 
into  the  «chess»  order  it  is  possible  to  achieve  the  required  value  of  strip  width.  At  the 
given  matrix’s  position  the  method  of  route  survey  is  used.  The;  scanning  is  carried  out  at 
the  expense  of  SC  orbital  movement.  Visual  axis  of  opto-electronic  repointing  is  carried 
out  perpendicularly  to  SC  flight  direction  through  a  mirror  (from  400  kms  altitude  the 
observation  strip  is  600  -  800  kms).  The  request  to  SC  stabilization  accuracy  is 
considerably  reduced  for  instant  surface  image  registration  by  several  matrixes  placed  in 
the  «chess»  order.  The  matrixes  pointing  allows  to  receive  the  qualitative  route  image  at  a 
rather  strong  mismatch  between  a  scanning  direction  (flight  direction)  and  matrix’s 
columns  (at  usage  of  5  matrixes  with  format  of  500  x  582  elements  with  overlapping 
zone  in  46  elements  this  comer  can  achieved  2°.  The  spare  resolution  from  400  kms 
altitude  is  30  meters,  strip  width  is  50  kms. 

Except  stabilization  and  orientation  system  the  high  requests  to  ERS  SC  are  put 
forward  on  the  part  of  on-board  radiocomplex.  It  performance  should  be  comparable  to  a 
required  image  transfer  rate  (at  real  time  videoimage  downlink).  For  solving  this  problem 
it  is  possible  to  use  some  solutions.  First,  it  is  possible  to  refuse  direct  image  downlink, 
and  to  carry  out  its  record  on  the  on-board  storage  device  for  consequent  downlink.  For 
solution  of  many  observation  problems  such  approach  is  optimum,  and  sometimes  and 
unique  (observation  outside  of  radiovisibility  zone  at  absence  of  additional  relay  devices). 
The  state-of-the-art  devices  allow  to  record  on  the  storage  device  with  introduction  of 
data  compression  (in  2-3  times).  Secondly,  the  direct  videodata  transmission  to  the 
radiochannel  with  compression  algorithms  usage  is  possible.  However  problem  of 
simultaneous  reading,  compression  and  transmission  of  data  can  appear  rather  difficult 
both  in  hardware,  and  in  software  direction.  In  each  case  there  is  a  necessity  of 
installation  on-board  the  radiochannel  with  high  throughput.  Frequently  user  interests 
small  volume  of  received  data.  The  part  of  data  on  some  reasons  (for  example,  weather 
conditions  or  survey  object  and  SC  position)  can  be  limiting  for  application.  This  implies, 
necessity  of  choice  by  the  user  only  of  necessary  data.  This  choice  should  be  carried  out 
during  the  survey.  That  reduces  requests  to  radiochannel  throughput. 

Such  approach  to  data  obtaining  from  space  observation  means  was  called  as 
survey  process  interactive  control.  The  method  can  be  divided  on:  interactive  with 
selective  obtained  data  transmission,  interactive  with  direct  survey  process  control, 
interactive  with  ground  image  recognition  means  application,  interactive  with  on-board 
image  means  usage3. 

The  interactive  method  with  selective  obtained  data  transmission  of  the 
information  is  the  most  easy.  For  its  realization  practically  it  is  not  required  of 
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modification  in  traditional  structure  of  observation  SC.  The  main  idea  of  the  method  is 
the  following.  SC  enters  into  the  radiovisibility  zone  of  ground  control  and  data 
acquisition  and  processing  complex.  Command  on  a  beginning  of  route  survey  of 
required  objects  is  transmitted  into  the  board.  The  registered  data  is  located  in  the  on¬ 
board  storage  device.  Simultaneously  to  it  there  is  a  direct  videodata  downlink,  but  thus  it 
is  exposed  to  artificial  deterioration  (for  example,  to  compression  with  loss  of  quality).  In 
result  on  the  Earth  is  the  preliminary  data  which  on  arrives  it  is  possible  to  judge  what 
from  removed  objects  should  be  received  on  real  time  image.  As  a  result  of  the  analysis 
on  a  ground  control  complex  the  control  command  is  formed,  in  which  it  is  underlined 
those  image  sites  is  necessary  to  extract  from  the  on-board  storage  device  and  downlink 
in  real  resolution.  As  a  result  of  it  the  required  data  can  be  transferred  on  that  revolution, 
as  the  survey  (if  SC  will  be  in  radiovisibility  zone)  or  on  the  consequent  revolution.  It  is 
required  a  opto-electronic  complex  permitting  to  make  for  realization  of  this  route  survey 
method.  The  onboard  storage  device  is  exposed  only  to  modernization.  It  should  allow  to 
extract  from  the  whole  data  dimension  only  those  sites  which  interest  the  experts  on  the 
Earth. 

The  interactive  method  with  survey  process  direct  control  is  more  difficult.  The 
SC  purpose-oriented  equipment  K  should  include  survey  and  detail  cameras. 

The  principle  of  interactive  control  consists  in  the  following.  SC  enters  into 
radiovisibility  zone  of  ground  control  complex.  Thus  it  transmits  on  ground  complex  the 
site  of  landscape  image  received  by  survey  camera  (image  at  once  is  removed  on  operator 
monitor  of  ground  complex),  lliis  image  characterizes  by  low  significance  of  spare 
resolution  (hundred  meters)  and  large  size  of  a  captured  surface  (hundred  kilometers). 
After  image  downlink  the  survey  camera  visual  axis  is  kept  in  center  of  surface  site 
transferred  on  ground  control  complex.  On  the  ground  control  complex  the  operator 
analyzes  the  obtained  image  and  selects  a  site  of  district,  which  is  required  to  be  received 
with  the  higher  resolution.  After  that  the  computer  of  ground  complex  automatically 
forms  the  instruction  set  on  survey  of  the  given  district  site  and  transmits  them  aboard  of 
SC.  The  SC  control  system  carries  out  detail  camera  visual  axis  pointing  on  surface  site 
selected  by  the  operator.  Described  by  high  significance  of  spare  resolution  (from  units  up 
to  tens  meters)  and  survey  surface  small  size  (unit  or  tens  kilometers),  the  image  from  the 
detail  camera,  is  transmitted  on  ground  control  complex. 

After  completion  of  image  transmission  the  following  survey  cycle  begins.  After 
the  method  analysis  the  following  data  on  cycle  duration,  method  productivity  and 
decisionmaking  time  by  the  operator  (for  SC  flight  altitude  is  400  kms)  were  obtained:  20 
-  30  sec,  20  -  30  objects  per  revolution,  10-15  sec.  Such  method  will  be  realized  on  SC 
with  mass  about  100  kgs  (purpose-oriented  equipment  mass  is  16  -  18  kgs),  radiochannel 
selfdescriptiveness  is  1  Mbod. 

Following  step  on  path  of  interactive  method  application  is  use  of  ground  image 
recognition  means. 

Before  the  operation  beginning  with  SC  the  operator  sets  the  standard  images 
which  is  required  to  survey  during  a  link  time.  The  standard  image  library  represents  a 
data  bank  with  Earth  surface  site  images  with  the  low  resolution. 

SC  enters  into  radiovisibility  zone  of  ground  control  complex.  The  image  of 
district  site  from  survey  camera  downlink.  After  image  downlink  the  visual  axis  of  survey 
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camera  is  kept  in  center  of  transferred  surface  site.  On  ground  control  complex  the  survey 
object  choice  system  automatically  makes  matching  the  obtained  image  with  standard 
images  given  by  operator.  If  on  the  obtained  image  there  are  district  site  images 
conterminous  with  standard  one  on  a  number  of  properties,  the  system  forms  and 
transmits  on  SC  the  command  for  survey  these  sites  by  detail  camera.  The  SC  control 
system  carries  out  repointing  of  the  detail  camera  on  required  surface  site.  The  images 
obtained  by  detail  camera  is  downlink. 

After  finishing  of  image  transmission  the  survey  cycle  repeats.  The  operator  can 
analyze  the  new  images  and  if  necessary  to  bring  them  into  standard  image  library.  As  a 
result  of  method  analysis  the  following  data  on  cycle  duration,  method  productivity  and 
decisionmaking  by  the  operator  time  (flight  altitude  is  400  kms)  were  obtained:  15-20 
sec,  30  -  40  objects  per  revolution,  1  sec.  Such  method  will  be  realized  on  SC  with  mass 
about  200  kgs  (purpose-oriented  equipment  mass  is  20  -  30  kgs),  radiochannel 
selfdescriptiveness  is  1  Mbod. 

The  most  difficult  is  the  interactive  method  with  on-board  image  recognition 
means  from  the  realization  point  of  view.  However  to  its  advantage  it  is  necessary  to 
relate  full  automation  of  interactive  control  process.  Due  to  this  the  large  system 
productivity  is  achieved. 

At  the  gives  method  the  operator  sets  Earth  surface  standard  images  or  objects  on 
its  surface,  which  are  required  to  be  survey  with  the  high  resolution  and  brings  these  data 
into  the  on-board  standard  image  library  (during  a  link  time).  On-board  the  SC  in  addition 
the  on-board  standard  image  library  and  on-board  videodata  processing  computer  are 
installed.  The  on-board  standard  image  library  represents  a  data  bank  contained  the 
required  Earth  surface  site  images  and  objects  are  being  to  survey.  The  library  contains 
also  object  properties.  The  data  bank  can  be  changed  and  to  be  supplemented  from 
ground  control  complex. 

SC  begins  survey  in  that  moment,  when  is  above  the  Earth  site  which  is  being  a 
subject  to  learning.  Originally  district  survey  is  carried  out  through  the  survey  camera. 
After  image  obtaining  the  SC  automatically  (for  this  purpose  survey  camera  videodata 
continuously  is  granted  for  SC  control  system)  keeps  survey  camera  visual  axis  in  center 
of. Earth  surface  site.  The  on-board  computer  makes  matching  the  obtained  image  with 
the  standard  one  which  are  taking  place  in  the  on-board  library.  If  on  the  obtained  image 
there  are  district  site  conterminous  with  standard  one  on  a  number  of  properties,  the 
system  forms  the  command  for  survey  these  site  by  detail  camera.  The  obtained  images 
are  save  in  on-board  computer.  At  SC  positioning  in  radiovisibility  zone  these  images  can 
be  downlilnk.  It  is  possible  to  downlink  not  image  as  a  whole  but  only  formalized  report 
on  availability  or  absence  on  survey  surface  of  objects  conterminous  with  standard. 

After  method  analysis  the  following  data  on  cycle  duration  and  method 
productivity  were  obtained:  15-20  sec,  up  to  2  •  103  objects  per  revolution.  For  example, 
such  method  will  be  realized  on  SC  with  mass  about  300  kgs  (purpose-oriented 
equipment  mass  is  up  to  40  kgs),  radiochannel  selfdescriptiveness  is  2  Mbod. 
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Majibiii  KocMHnecKHH  annapaT  ajh»  3KojiorHHecKoro  MOHHTopmira 
Ha  6a3e  yHmjHinnpoBaHHOH  njiaT^opivibi 
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B  cno>KHBiiieHca  b  nacToamee  BpeMa  b  Pocchh  CHCTeMe  MOHHTOpHHra 
npnpo&HOH  cpe^bi  h  3KOJiorHiiecKoro  KOHTpojia  BaatHoe  MecTO  33HHMaeT 
MHorocneKTpajibHaa  HHt^opMapHa  cpe^Hero  npocTpancTBeHHoro  pa3peuieHHa, 
nocTynaiomaa  c  npHSopOB  MCY-CK  KocMHiecKHx  annapaTOB  cepnw  “Pecypc- 
01”.  UlnpoKaa  nojioca  3axBaTa  h  HajiHMHe  apxHBHbix  ^aHHbix  3a 
npofloiracHTejibHbm  nepHo#  HaGjnojaeHHa  no3BOJiaK>T  uccjieaoBaTb  AHHaMHKy 
pa3jiHHHbix  npopeccoB  h  oneparHBHO  o6Hapy>KHBaTb  paHOHbi  3KOJiorHHecKHX 
6eflCTBHH  npaKTHBCCKH  B  JIK)6oH  TOHKe  TeppHTOpHH  PoCCHH  H  flpyrHX  CTpaH. 

Bojibmoe  3HaneHHe  am  oSecneneHna  nocToaHHoro  KOHTpojia  3a 
SKOJiorHHecKOH  o6cTaHOBKofi  HMeeT  nacTOTa  Ha6moaeHm,  mto,  b  cboio  oMepe^b, 
TpeSyex  yBejiHHeHHa  HHCJia  KA.  ripn  Hcnojib30BaHHH  o6biHHbix  KA,  3to  CBa3aHO 
co  3HaHHTejibHbiMH  3aTpaTaMH.  3(|)(|)eKTHBHbiM  peuieHHeM  aBnaeTca 
Hcnojib30BaHHe  Ma.iTbix  kocmhhcckhx  annapaTOB  (  MKA  ). 

rioaTOMy  aKTyajibHa  npopa6oTKa  ycTaHOBKH  MCY-CK  Ha 
cneuHajin3HpoBaHHOM  MKA  b  xaqecTBe  6a3bi,  KOToporo  npe^nojiaraeTca 
Hcnojib30BaHne  yHH^nunpoBanHOH  KOCMnnecKOH  njiaT^opMbi,  pa3pa6oTaHHoil  b 
Hlin  BHHH  3M. 

nOKa3aHO,  HTO  HCnOJlb30BaHHe  COBpeMeHHbIX  TeXHHMeCKHX  pemeHHH 
no3BOJiaeT  yjryniiiHTb  xapaKTepMCTHKH  MCY-CK  b  nacTHOcTH  BBecra 
flonojiHHrejibHbiH  KaHaji  3,5-4, 1  mkm,  yBejiHHHTb  npocTpaHCTBeHHoe  pa3peuieHHe 
b  HH(j)paKpacHbrx  xaHajiax  b;o  ypoBHa  pa3peujeHHa  b  bhahmhx,  yBennHHTb  pecypc 
pa6oTbi  h  peainnoBaTb  Maccora6apHTHbie  x ap aicrep h cthk h ,  yn,OBJieTBOpaK>inne 
Tpe6oBaHnaM  ycranoBKH  Ha  MKA. 


Small  space  craft  for  ecological  monitoring 
on  the  basis  of  a  unified  platform 
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Fax:  (095)  273  5943 
Y.Trifonov,  A. Gorbunov 
VNIIEM 

10100,  Moscow,  Post  496 
Fax:  (095)  207  4962 

In  existing  at  the  moment  in  Russia  system  of  natural  environment  and 
ecological  monitoring  the  important  place  is  occupied  with  the  MSU-SC  medial 
spatial  resolution  multispectral  information  of  space  crafts  "Resurs-Ol".  The  wide 
swath  and  presence  of  archival  data  for  long  period  of  supervision  allow  to 
investigate  dynamics  of  various  processes  and  quickly  find  out  regions  of 
ecological  disasters  practically  in  any  point  of  Russia  and  other  countries 
territory. 

The  frequency  of  supervision  has  large  importance  for  maintenance  of  the 
ecological  conditions  monitoring,  that,  in  turn,  requires  increase  of  SC  number. 
Use  of  usual  SC  is  connected  to  significant  expenses.  The  effective  decision  is  use 
of  small  space  crafts  (SSC). 

Therefore  study  of  the  MSU-SC  installation  on  specialised  SSC,  which  use 
as  base  a  unified  space  platform  developed  by  VNIIEM,  is  urgent. 

Is  shown,  that  use  of  the  modern  technical  decisions  allows  to  improve  the 
MSU-SC  characteristics  in  part  of  the  3,5-4, 1  microns  channel  adding, 
increasing  of  the  spatial  resolution  in  infrared  channels  up  to  a  level  of  the 
resolution  in  visible  channels,  increasing  of  resource  of  work  and  realising  of  mass 
and  dimensions,  satisfying  the  SSC  installations  requirements. 


Majnbiii  unnapaT  KaK  a.ievieHi  nepcneKTHBHOH  chctcmm 
oScjiyaaiBaHHa  kocmhmcckmx  oObcktob 

B.ByjiaHOB,  r.YcneHCKHH.,  B.HBaHOB,  B.Mhpohob 

tJHHHMAtU 

141.070  r.KopojieB,  MocKOBCKaa  oOjiacTb 
yji.IlHOHepcKaH,  4. 

<DaKc:  (095)  513  -  42  -  92 

Pefrepar 

riepcneKTHBHaa  KOCMHnecKaa  aeaTejibHocxb  npennojiaraeT  pememie  aaaaan 
o6cjiy*MBaHHfl  h  peMOHTa  kocmhhcckhx  oObeKTOB.  Pa3pa6oTKa  Majibix  annapaTOB, 
BbinojimnomHX  oxaeJibHbie  BcnoMoraTejibHbie  4>yHKmiH  b  stom  nponecce,  ABJiaeTca 
HOBbiM  HanpaBJieHHeM  nx  pa3BHTna.  B  aaiiHOM  ^OKJia^e  paccMaTpHBaexca 
npoSjieMa  o6ecneaeHHfl  CTa6HJiH3au;HH  aBTOMaTHnecKHX  KocMHnecKHX  annapaTOB 
(KA),  noTepaBUinx  opHeHTainno,  c  Hcnojn>30BaHneM  Majioro  annapaia  - 
flHCTaHimoHHo  ynpaBjiaeMoro  MaromyjWTopa  (AM).  IIo  pe3yjibTaTaM  npoBeaeHHbix 
nccjieflOBaHHH  npeaJioxceH  npoeKTHbin  o6jihk  annapaia,  npopaSoTaHbi  ero 
ocHOBHbie  cncTeMbi  h  xapaKiepH cthkh ,  onpe^ejieHbi  pannoHajibHbie  oOjiacTH 
npnMeHeHHfi  h  ajiropnTM  Hcnojib30BaHnn  npn  pemeHHH  3a#anH  CTa6njiH3an;HH 
oObeKTOB. 


IIpoeKTHbiH  oSjihk  Majioro  annapaia 

Han6ojiee  pacnpocxpaHeHHbie  HeuiTaTHbie  cnTyaunn,  B03HHKaiomHe  Ha 
op6nxe,  cBH3aHbi  c  nbTepen  opneHTannH  KocMHHecKHMH  oSbeKTaMH  xax  b 
cjie/i;cTBHH  OTKa3a  Toro  hjih  HHoro  ajieMeHTa,  Tax  n  b  pe3yjibTaTe  ouihOkh  axmiaxca 
hjih  b  nporpaMMHo-MaTeMaTHnecKOM  oOecneneHHH  H3-3a  HeoTpa6oTaHHOcTH 
OTflejibHbix  onepannn.  3th  cjiynan,  c  ojjhoh  cTopoHbi,  co3paioT  yxpo3y 
OeaonacHocTH  flpyraM  KA,  BKJiionaa  h  ajieMeHTbi  MexgiyHaponHOH  ko cmhhcckoh 
CTamjHH  (MKC),  c  flpyroH  CTopoHbi,  MoryT  npHBojjHTb  k  noTepe  yHHKajibHoro  n 
aoporocToatpero  oGopyaoBaHHM,  nocTaBJiaeMoro  kocmhhcckhmh  oObeKxaMH. 

Ajih  oSecneHeHHa  6e3onacHOCTH  aBTOHOMHbix  KA  h  HHfjipacTpyKTypbi 
CTaHHHH  b  TaKHX  cHTyaiiiwx  Heo6xo,n;HMO  yBecTH  aBapHHHbiH  annapaT  c  opOnTbi 
MKC,  o6ecnenMTb  npoBeaeHHe  ero  jmaraocTHKH  h  cooxBexcTByiomHx  peMOHTHbix 
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onepaipiH.  Ylpvi  stom,  oahoh  H3  cjioxHCMfflHX  AHHaMHHecKHX  h  TexHojiornqecKMx 
onepai^HH  jiBnneTcn  nepeBOA  aBapHHHoro  annapaTa  H3  coctoahha  npoH3BonbHoro 
yraoBoro  BpameHHH  b  cocToaroie  cTa6iuiH3HpoBaHHoro  o&beKTa.  Ann 
34>4)eKTHBHoro  peuierora  3T0H  KpHTiwecKOH  TexHonorHH  npeAnaraercn 
ncnojn>30BaTb  ManbiH  annapax  -  AHCxampioHHO  ynpaBJineMbiH  MaHHiryjwTo p 
Ochobhoh  ucjibio  3Toro  Manoro  annapaTa  ABJineTcn  *ecTKaa  cTbiKOBKa  c 
nP0H3B0AbH0  BpamaioiuMMCH  KA,  ero  CTa6njiH3amM  h  npoBeAenne 
npeABapHTejn>HOH  AwaraocTHKH  ero  cnyxe6nbix  cncreM  c  nocjienyromen  nepeAanen 
HH(J)opMau;HH  Ha  6oPt  aBTOMaTHnecKoro  KA  oQcjiwcnBamm  n  peMOHTa  (KAOP). 
TaKoii  MHoropaaoBbin  wajibii  annapaT  ABAaeTcn  cocTaBHon  nacTbio  annapaTa 
peMOHTHMKa  npn  o6meft  Macce  -75^80  xr.  Oh  o6opyAOBaH  s^kthehoh 
cncTeMOH  ynpaBJiemm  no  BHAeoH3o6pajKeHHK) ,  ABHraxenbHOM  ycTaHOBKOH, 
ynpomeHHbiMH  cny*e6HbiMH,  BKjnonaa  h  cncTeMy  cTa6njiH3anHH,  paSoTaromen  Ha 
THApaSHHe,  AByM5I  CTbIKOBOHHbIMH  yCTp  OHCTBaMH  (CTY)  pa3AHAH0r0 
KOHCTpyKTHBHoro  BbinoAHeiiHJi ,  GHCTeMOM  3HeprocHa6xeHHfl  H  T.A.  Oaho  H3  CTY 
BBJineTCJi  niTaTHbiM  (THna  "niTbipb-KOHyc")  h  npeAna3HaneHO  Ann  urraTHOM 
ixecTKoii  cTbiKOBKH  c  o6cjiyx(HBaeMbiMH  KA  (OKA),  xorAa  tot  HaxoAHTca  b 
cTa6HAH3Hp0BaHH0M  rioAoxceHHH.  BTOpoe  CTY  ABjmeTcn  aBapnnHbiM 
cTbiKo  BonHbiM  ycTpoHCTBOM  h  HcnoAb3yeTca  TOAbKO  b  tom  cnynae,  KOTAa 
oScAyxaiBaeMbiH  KA  HaxoAHTcn  b  coctoahhh  nponsBOAbiioro  yraoBoro 
BpameHHA.  npoeKTHO-KOMnoHOBOAHaa  cxeMa  MaJioro  annapaTa  —  AMCTannHOHno 
ynpaBAneMoro  MaHmrynnTopa  npuBeAena  Ha  pnc.  1. 

BbinoAHeHHe  xax  niTaxHon,  Tax  h  aBapnnHon  ctbikobkh  AHCTaHnnoHHo 
ynpaBAneMoro  MaHHnynsrropa  c  OKA  npeAnoAaraeT  oSnaaTenbHoe  naAnane  b 
cocTaBe  OKA  naccnBHoro  arperaTa  CTY  (npneMHoro  KOHyca)  h  noBOpoTHon 
npHu;eAbHOH  uiTanm  c  ycTaHOBAeHHBiM  Ha  ee  KOHire  ManKOM. 


ClienapHM  cfijBpMg  H  CTbIKOBKH  AHCTaHUHOHHO  VHpUBA5ieMOrO 
MaminvAATOPa  c  nDOH3ROAhHO  BpaiuaiomHMca  OKA 

1.  3aBHcaHne  (100+300  m)  KAOP  okoao  OKA  c  nenbio  onpeAenemra 
napaMeTpoB  yrAOBoro  abhxcchha  OKA  Ha  ocHOBe  aHaAH3a  ero  BHAeoH3o6paxeHmi 
h  pemerara  3aAann  Bbi6opa  onTHMaAbHOH  cTpaTerHH  cSnHAceiiHn  h  ctbikobkh  c 
OKA  h  nocneAyiomero  raineHHA  ero  yrnoBOH  ckopocth  h  cTa6HAH3anHH. 

2.  OTAeAeHHe  AHCTaHUHOiiHO  ynpaBAneMoro  MaHHrrynnTopa  ot  KAOP,  ero 
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Phc.1.  npoeKTHo-KOMnoHOBOMHaa  cxeMa  MaHHnyjWTopa  ,3,M 
(b  KOHcJ)HrypapHM  jinn  ctbikobkh  c  HeKoonepnpyeMbiM  KA) 
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cSniDKeHHe  (peajiM3auKJi  TpaeKTOpHH  "noroHH")  h  xtecTtcaa  cTbiKOBKa  c  OKA. 
TauieHMe  yraoBoro  flBTCKeHira  OKA  (3a  cbct  HcnojiHMTejibHbix  ztBHraTejieH  chctcmm 
opueHTamiH  MaHHnyjiBTopa)  h  cTa6HJTH3aB(Hfl  b  3a#aHHOM  HanpaRJieHHH. 
YnpaBJieHHe  HBKDKeHHeM  jincTaHnMOHHO  ynpaBjraeMoro  MaminyjiflTopa  Ha  OTanax 
cSjiHxeHiM,  CTBIKOBKH  h  cTa6HJiM3auHM  BbinojimreTCH  no  BnaeoH3o6paxceHHio  B 
nojiyaBTOMaTHHecKOM  peJKMMe.  H3o6paxeHne  nepeaaeTCH  Ha  Ha3eMHbiH  KOMiuieKC 
ynpaBjieHHH  (HKY)  h  KOMaBwa  c  HKY  Ha  MaHHnyjWTop  nepe/iaeTca  c 
peTpaHCJMHHeH  nepe3  KAOP. 

3.  npoBe^eHHe  npe^BapHTejibHOH  flHaraocTHKH  coctohhhh  6opTOBbix  cncTeM 
OKA  c  peTpaHCJiHinien  HH^opManjiH  nepe3  KAOP. 

4.  [IpoBc^eHPie  flHarHocTMHecKHX  h  peMOHTHO-BoccTaHOBHTejibHbix  pa6oT. 

5.  Bo3BpameHHe  MaHHnyjMTopa  Ha  6opT  KAOP. 

Ecjih  He  yqaeTCH  3acTa6HJiH3HpoBaTb  OKA  (HanpHMep,  npH  nojmoM  pacxo/je 
ToroiMBa)  hjih  pe3yjibTa.Tbi  npe^BapHTejibHOH  /Hiarao ctmkm  noKa3bmaiOT,  hto  OKA 
npe^cTaBJHieT  HenocpeacTBeHHyio  onacHocTb  jura  KAOP,  to  aHCTaminoHHo 
ynpaBJiaeMbiH  MaiiHnvJWTop  OTnejweTca  ot  oGcjiyxcHBaeMoro  annapaTa  h 
B03BpamaeTca  Ha  6opT  KAOP  (jijm  aoianpaBioi  h  3aTeM  noBTopHoit  ctbikobkh  c 
o6cjryoKHBaeMbiM  KA).  3anacbi  ToraiHBa  (rnopa3HHa)  Ha  6opTy  KAOP  no3BOjimoT 
o6ecneHHTb  jio  15  #03anpaB0K  MaHHnyjMTopa,  hto,  b  cboio  onepeflb,  no3BOjmeT  eMy 
B  HTOre  3aCTa6HJIH3HpOBaTb  aBTOH OMHblH  KA  MaCCOH  ao  10  T. 


OcHQBHbie  xapaKTepucTHKH  jHCTaHUHOHHQ  vnpaB.iaeivioro 
MaiiHirvjiHTopa  (AM) 

Ta6jinna  1. 


Macca  annapaTa  (6e3  3anpaBKH  toiijihbom  h  pe3epBa),  kt 

50 

ra6apHTbi,  mm 

^HaMeTp  onncaHHOH  oKpyxcnocTM 

600 

BbICOTa 

900 

3anac  xapaKTepHCTHHecKOH  ckopocth,  m/c 

320 

3HepronoTpe6jieHHe,  Bt 

MaxcHMajibHoe 

40 

aexypnoe 

6 

Chctcm a  ynpaBJieHHB  ^BHxeHHeM: 

ynpaBJieHHe  no  BMfleoH3o6paxceHHio; 
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HHxepaKTHBHaa  nojryaBxoMaxHHecKaa. 

^onycxHMbie  napaMexpbi  cxwkobkm: 

oxHocHxejibHaa  CKOpocxb  c6jthxcchhh,  m/c 

10 

yroji  Mexgxy  BeKXOpoM  aanbHOCXH  h  ocbio  cxbiKOBOHHoro  y3jia, 

rpaa. 

20 

YraoBan  CKopocxb  Me>K/iy  BexxopoM  AajibHocxn  h  ocbio 

cxbiKOBOHHoro  yaaa,  rpaa/c 

20 

Paapemafomaa  cnocoSnocxb  xejieKaMepbi  (c  paccxoaHHa  100  m),  cm 

6 

TpeSyeMaa  xfajibHocxb  aencxBHa  pa^HojiHrom,  km 

1 

MH(})opMaxHBHocTb  pa^HOJiHHHM  Ha  nepe^any,  M6oa 

2.5 

AHajiH3npya  ocHOBHbie  xapaKxepncxHKH  Maroinyjiflxopa  /JM,  npHBeaeHHbie  b 
Ta6jiHu;e  1.  HeoSxpojiMo  oxMexnxb  cjieayiOLuee: 

-  3anac  xap  aKxep  m ctm h  e  c  ko  m  ckopocxh  (nopaxKa  320  m/c)  no3Bojiaex 
MaHHnyjMTopy  ,D,M  ocymecxBJiaxb  MHoroKpaxHbie  TpaeKTOpHbie  h  ^HHaMuqecKHe 
MaHeBpbi  b  npopecce  cSjTHxeHHH  h  cthkobkh  c  oOcjiyxKHBaeMbiM  KA); 

-  3HeprocHa6xceHMe  cncxeM  MaHnnyjiaxopa  ocymecxBJiaexca  ot 

aKKyMyjMTopHOM  HHKejib-Ka^MHeBOH  Oaxapen.  MaKCHMaiibHoe  3Hepronoxpe6jieHHe 
-  40  Bt.  Ha  nocjie^yroipirx  cxa^Hax  npoeKXHpoBaHHa  npejmcwiaraexca 
Hcnojib30BaHHe  6ojiee  moiuhoh  aKKVMyjiaxopiioH  Gaxapen  c  npHMeHeHneM 
jiHXHeBbix  ajieMexixoB  h  VBejiHMCHHeM  MaKCHMajibHoro  3Hepronoxpe6jiemifl  flo  150- 
200  Bx.  3to  nosBojitix  AonojiHHxejibHO  npoBo^nxb  flHaraocxHKy 
4>yHKpMOHHpoBabiH»  ochobhmx  cjiyxceOHbix  cncxeM  h  arperaxoB  oOcjiyxcMBaeMoro 
KA; 

-  pa3pemaioiii;an  cnocoOHocxb  xejieKaMepbi  MaHHnyjmxopa  (6  cm  c 

paccxoMHHB  100  m  flajibHocxw)  no3BOJwex  npoBOflHXb  BH3yanbHyio  WHcneKpHK) 
KocMHHecKoro  annapaxa  c  nepeflaneH  xejieHHcfjopMapHH  Ha  6opx  KAOP  hjih  b 
HKY; 

-  Ha  6opxy  MaHHnyjiHxopa  /IM  npeaycMoxpeHo  nojiwmt  ~10  kt  xoruiHBa 
(rimpa3Hiia),  b  KoncxpyKHHM  caMoro  MaHHnyjiaxopa  ,3,M  npeaycMoxpeHO 
3anpaBOBHoe  ycxpoiicxBO,  o6ecrreqnBaiomee  15-xh  KpaxHyro  ^03anpaBKy  rxmpa3HHa 
c  6opxa  KAOP. 

TaOjimja  2. 

MaccoBaa  CBO^Ka  MaHixnyjiaTopa  /JM 
B.ByjiaHOB 


CHCTCMa 

Macca,  kt 

BnaeoKOMiuieKc 

0.9 

CacTeMa  ynpaBJieiTwi: 

2.9 

•  aKcejiepoMeTp 

0.3 

•  #YCbi 

1.8 

BUBM 

3.0 

Boptoboh  paxtMOKOMmieKc: 

7.7  ] 

•  npHeMHHK 

0.6 

•  nepe^aTHHK 

1.0 

•  aHTeHHbi 

1.6 

4.5 

•  npoHHe  sjieMeHTbi 

CucTeMa  sjieKTponHTaHHH: 

9.55 

•  aKKyMyjiflTOpHaa  SaTapea 

9.0 

•  ycTpoftcTBO  ynpaBJiemia 

0.55 

JI,BMraTejTbHaa  ycTaHOBKa: 

22.8 

•  ABuraTejiH  (16) 

5.6  ; 

•  arperaTbi  nHeBMo-raApocncTeMbi 

6.8 

•  3anpaBKa 

10.4 

CncTeMa  TepMoperyjinpoBaHELH 

0.8 

BKC 

2.1 

KoHCTpyKUBfl  (c  y’lexoM  npneMHoro  KOHyca  naccHBHoro  CIA 

20.65 

m  3axBaTHoro  ycTpoiicTBa) 

Pe3epB 

2.6 

HToro: 

73.0 

^BHraTejibHan  ycTaHOBKa  MaHHnyjiBTopa 

TexmraecKHe  xapaKTepHCTHKH  JJY 


Ta6jiMna  3. 


IlapaMeTp 

EaanHua  H3MepeHHa 

3HaaeHHe 

PacnoaaraeMaa  Tara 

MHKpoflBHrarejia 

H 

10 

KojiaaecTBo  MHKpoABHraTejieii 

I1IT. 

16 

Macca  ToruiHBa 

•  aKTHBHaa 

Kr 

10.0 
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•  o6iu,aa 

10.4 

CncTeMa  HajmyBa 

raioBaa  CHCTeMa 

nojiann  npHMoro 

pacniHpeHHa 

Macca  (cyxan) 

KT 

12.4 

YflejibHbiH  HMnyjibc 

MHKpOJIBHraTejIH 

H  c/kt 

2000 

/Ibiit aTejiLHaji  ycxanoBKa  paOoTaeT  Ha  ojiHOKOMnoHemiioM  ToruiHBe  - 
rHflpaaHHe. 

CHCTeMa  Ha/myBa.  B  CHCTeMe  Hcnojib3yeTca  3anaceHHbiH  b  toiuihbhom  6aKe 
ra3,  HaxoflaniHHCH  ncm  ^aBJieiraeM  He  MeHee  2«106  Ila.  Ta3  HEywyBa  rejiHH.  rio 
Mepe  BLipaSoTKM  xoroiHBa  AaBjieHHe  b  toiijihbhom  Gaice  yMeHbinaeTcn,  ho  k 
MOMemy  nojiHofi  BbipaGoTKH  TOiuiHBa  npeBbimaeT  flaBjieHHe  b  KaMepe  cropaHHH 
HBHraxejiH  Ha  BejiHHHiiy  in/ipaBJiiPiecKMX  noTepb  no  TpaKTy. 

CncTeMa  nonann  ToroiHBa.  CncTeMa  BKjnonaeT  TomiHBHbiH  6aK,  nHponaTpoH 
c  nHpoiaianaHOM,  cTa6njiH3aTop  uaBJiemifl,  aanpaBoxHbie  h  npOBepoMHbie  KJianaHbi. 

Rjw  3anycKa  nBHraTenen  b  HeBecoMocTH  BHyrpH  c^epnnecKoro  ToruiHBHoro 
6aKa  HaxojiHTcn  (J)a3opa3,ziejiHTejTbHoe  ycipoHCTBo  KaraumpHoro  THna  (cctkh). 
SjieKTporHjipoKJianaHbi  oTceKaiox  TonjiHBHbie  MarHCTpajiH  ot  KOJiaeKTopoB  c 
MHKpO/IBHiaTeJM  MH ,  HTO  nOBMUiaeT  HajieXCHOCTb  CHCTeMbI  B  CJiyxae 
HerepMeTHXHocTH  ynpasjiHiomHX  KJianaHOB  MHKpouBHraTejien.  CTa6HiiH3aTop 
naBJieiiHH  npHMeHHexcn  jyw  peryjiHpoBamifl  naBJiemra  b  KaMepax  croparow 
MHKpojiBwraxejieH  h  pa6oTaeT  icax  sjieKTpopenyKTop. 

BnaeoKOMiuieKC  (BK)  MaHHnyjiHTopa  /JM 

OcHOBHbie  pejiH  h  3ananH: 

•  nojiyqeHHe  aepno-Sejioro  H3o6paxceHHH  o6i>eKTa  c  3anaHHbiM 
pa3pemeHHeM; 

•  HpejiBapHTejibHaH  oGpaGoTKa  BHneoH3o6pa)KeHHa; 

•  (fjopMHpoBaHHe  o6pa3a  o6i>eKTa. 
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Ta6jwu,a  4. 


OcHOBHtie  TexHHwecKHe  xapaKTepHCTHKH  BK 


XapaKTepHCTHKH  BK 


Pa3MepHocTb  IT3C  MaTpmjbi 


OoKycHoe  paccxoaHne  o6i>eKTHBa,  mm 


Pa3pemeHHe: 

•  yrjioBoe,  pa# 

•  Ha  flaJIbHOCTH  100  M,  M 


3HaTieHHB 


512x512 


8 


6xl04 

0.06 


Ilojie  3peHHB  BH^eoKaMepbi 


32°x23°  (756  KBaAparabix 
rpafl) 


06beM  Ka,gpa  BHAeoH3o6pa)KeHHJi,  M6ht 


2.4 


BpeMfl  4)opMHpoBaHMB  Ka^pa  BHaeoH3o6paxceHM5i,  c 


0.02 


Ta6apHTbi,  mm  (npoTOTHn): 

•  o6l>eKTHB 

•  KaMepa 


40x30 

50x50x30 


Macca,  r  (npoTOTHn): 

•  o6T>eKTHB 

•  KaMepa  c  ajieMeHTaMH  KOHCTpyKpHH 


120 

780 


3HepronoTpe6jieHHe,  Bt 


EopTOBOH  BbIHHCJIHTejIbHBIH  KOMHJieKC  MaHHITyjMTOp a 

Ta6jinu;a  5. 

OcHOBHbie  TexHHxiecKHe  xapaKTepHCTHKH  BL(BM 


Pa3pajHiocTb  aaHHbix,  6ht 

16 

OGteM  n3Y,  K6aHT 

512 

O&beM  oneparaBHOH  riaMHTH,  K6aHT 

512 

BpeMH  BbinojiHeHHB  KOMaHA  rana  peracip-perHCTp,  mkc 

2 

06bcm  Sycjicpiion  naMBTH,  M6ht 

1  (16  6jiokob  no  64 
K6aHT) 

jBlHTejIbHOCTb  HHKJia  HTeHHH,  HC 

3nepronoTpe6jieHHe ,  Bt: 

85 

•  MaKCHMajibHoe 

7 

•  AexcypHoe 

2 
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Macca,  kt 

3 

TaSapHXbi,  mm 

180x180x80 

OcnoBHfaie  pemaeMbie  3a#aHH: 

•  o6pa6oTKa  h  xpaHeHHe  nporpaMMHO-KOMaHmHOH  MH(J)opMaii,nn  c 
nocjie/iyiomeH  ee  Bbiflanen  (J)yi  iKHHOHajibHbiM  MO,ayjiHM; 

•  nporpaMMHoe  oOecneneHHe  pjw  <J)yHKpHOHHpOBaHHfl  pa3JiHLiHbix 
Moayjieii  h  hx  TecTHpoBaHHH; 

•  cnHxpoHH3ai|H5i  pa6oTM  SopTOBbix  CHcxeM; 

•  o6pa6oTKa  BHneoH3o6pa>KeHHH  jijm  nojiyqeHHH  HHcjiopMapHH  o  B3anMH0H 
opneHTapnH  h  nojiojfceHHH  Me^oy  oOBeKxaMH; 

•  o6pa6oTKa  BH^eoH3o6paxceHHH  /yin  opneHxapHH  b  3Be3,HHOH  CHCTeMe 
KoopflHiiaT; 

•  opraHM3aini«i  pa6oxbi  h  ynpaBjieHHe  paSoxoH  SopxoBbix  CHcxeM; 

•  xpaHeHHe  BH^eoH3o6pa»ceHHH  h  nojiroxoBKa  k  nepe/iane; 

•  ynpaBjieHHe  flBHQKeHHeM  h  opHeHxanneH  annapaxa; 

•  o6pa6oxKa,  xpaHeHHe  h  no^roxoBKa  k  nepejiane  xejieMexpHBecKOH 
HH4)OpMaiIHH; 

•  npoBejieiiHe  xecxoBbix  npoBepox  bo  BpeMii  HaxojKfleHwi  Ha  6opxy  KAOP 
h  Ha  3e\me; 

•  opraHH3au;HB  cjiyHKiXHOHHpoBaHHB  CHcxeM  MaHHnyjiaxopa  XtM  b  cocxaBe 
KAOP. 

Hcnojib3veMbie  cncxeMbi  HaBgagHHg  b  3aaane  cSjraaceHHa  iiHcxanuHOHnoro 
MaHHnyjiBropa  c  npoH3BPjibHo  Bpamaroinmvicfl  oScjiyacHBaeMbiM  KA 

B  paccMaxpHBaeMOH  3ajiaqe  jpia  nojiyqetnm  HinJiopManMH  o  napaMexpax 
naccHBHoxo  npoH3BOJibHo  Bpamaiomeroca  KA  Moryx  Hcnojib30Baxbcn  paamwHbie 
4>H3HHecKHe  npHHUHnw.  OziHaKo,  c  ynexoM  cynjecxByfonpix  cpe^cxB  HaBeaeroia,  b 
cocxaBe  SopxoBoro  oOopyxoBaHHJi  MaHimynaxopa  6bura  Hcnojib30BaHbi  BHjieo, 
HH4)paKpacHaB  h  pa^HOjioKapHOHHan  cncxeMa  HaBeflerow.  Hxrace  6onee  no^po6HO 
paccMoxpeHa  JiHHib  xejieBH3HOHHan  cncxeMa  (cm.  pnc.2.). 

CncxeMa  HaBe^exiHH  Ha  HeKoonepHpyeMbiH  oObetcx  ^ojirnia  o6ecneTiMBaxb 
nojiyqeHMe  HHcfiopMapHH  o  napaMexpax  flBHXceHHfl  HeKoonepHpyeMoro  oObeKxa, 
o6pa6oxKy  bxhx  napaMexpoB  c  pejibio  cjiopMHpoBaHHH  xpaeKXOpHH  noroHH  h 
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(J)opMHpoBaTb  KOMannw  ynpaBjieHmi  XLBnr  aTen  li  i  bimm  ycTaHOBKaMH  Manoro 
KocMHraecKoro  annapaTa-nepexBaTHMKa  MaHnnyrmropa  jJM. 

TejieBH3HOHHaa  cncTeMa,  HcnojibayeMaa  /yia  pejieM  HaBeneHHM,  noKa3aHa  Ha 

pHC.2. 

KocMHHecKHH  aimapaT-nepexBaTHHK  3axo^MT  k  HeKoonepHpyeMOMy  oGbeKTy 
C  COJIHeHHOH  CTOpOHbl  (b  CBeTJIOe  BpeMB  CyTOK).  MHtJlOpMaHHa  c 
KopoTKo4>oKycHoro  o6beKTHBa  2  nocTynaeT  Ha  n3C-MaTpniiy  6,  tjjopMMpyiomyK) 
cnraaji  H3o6paxceHHH.  CncTeMa  CHHTbiBaHira  H3o6paxeHHH  7  4>opMHpyeT  B 
ixh^pobom  BH,n;e  HHt^opManHFO,  nocTynaiomyio  Ha  nponeccop  o6pa6oTKH 
BH^eoHHcJjopMaHHH  8.  B  pe3yjibTaTe  o6pa6oTKH  BMAeoHHtjwpMannH  Ha  KOHTpojuiep 
ynpaBJiemw  nBnraTejibHbiMH  ycTaHOBKaMH  nocxynaiOT  cnraajibi,  cooTBeTCTByiomne 
TpaeKTopmi  noroHH  3a  HeKoonepnpyeMMM  oGbcktom.  B  npopecce  o6pa6oTKH 
BHjieoHH(J)opMaHHH  pemaeTcn  aajwra  pacno3HaBaHHH  o6pa3a  oGbexxa,  axajioHHan 
M H c|) Op M aU|H5I  O  KOTOpOM  XpaHHTCB  B  GjIOKe  naMJITH  10. 

riocne  HaRe/ieHWi  Ha  HeKoonepnpyeMbin  oGbckt  no  hh(J) op Manna  c 
KopoTKO(|)OKycHoro  o6beKTHBa  nponeccop  o6pa6oTKH  BH,neoHH<J)opManHM 
4>opMHpyeT  CHTHajibi ,  nocTynaiomne  Ha  KOHTpojuiep  npMBona  annHHo^oKycHoro 
oObeKTHBa  4.  B  npopecce  cGjiEDKeHiw  c  HeKoonepnpyeMbiM  oGbcktom  c  nejibio 
CTbiKOBKH  Hcnojib3yeTcn  HHtjiopMaHHa,  nocTynaiomaa  c  /yiHHHo<|)OKycHoro 
o6beKTHBa  1. 

Hajnmne  npnBona  /niHHHo<|)OKycHoro  o6beKTHBa  no3BOJineT  skohomhtb 
ToroiHBO  ABHraTejibHbix  ycTaHOBOK  npn  KojieGaTejibHbix  ^BnxceHnax 
HeKoonepnpyeMoro  oGbeKTa. 

B  Tex  cjuynaax  Kor/ia  HeKoonepnpyeMbin  oGbckt  He  ocBenien  CojiHneM 
MoxceT  npHMeHHTbCH  HHcJjpaKpacHaa  cncTeMa  HaBeneHim  c  ncnojib30BaHHeM 
HCTOHHHKa  oGjiyneHna  oSbeKTa  nH(J)paKpacHbiMH  jiynaMH.  Ha  iirraHre 
HeKoonepnpyeMoro  oGbeKTa  pacnojiaraexcB  oTpaxaTejib  HH<J)paKpacHoro 
H3JiyneHHH.  B  oTJinnne  ot  TejieBH3H0HH0H  CHCTeMbi  HaBe^CHim  nyBCTBHTejibHbiMH 
ajieMeHTaMH  mbjwiotcm  p-i-n-  nnonbi,  oGecnennsaiomne  Bbicoxyio 
HyBCTBHTeJIbHOCTb  K  HHCfjpaKpaCHOMV  HSJiyneHHK)  C  COXpaHeHHeM  HH3KOrO  ypOBHB 
OJieKTpHMeCKHX  HiyMOB. 

Pa^MOJioKaiiHOHHaM  cncTeMa  HaBe^eHHa  xpeGyer  HcUIHHMB  Ha  nrraHre 
HeKoonepnpyeMoro  oGbeKTa  yrojiKOBbix  oTpaxcaTe/ren,  oTpaxcaiomnx 
pannoH3jryHeH  ne  c  #jihhoh  bojihm  b  eanHnnbi  MHJUinMeTpoB. 
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Phc.2.  TejieBH3H0HHa;i  CHCTeMa  HaBe/ieHHM 


06o3HaHeHHJi  Ha  pnc.2.: 

1  #JIHHHO(f)OKyCHbIH  o6beKTHB 

2  KOpOTK04>OKyCHbIH  oSbeKTHB 

3  npHBoa  fljiHHHo4>oKycHoro  oSbeKTHBa 

4  KOHTpOJIJiep  npHBOfla  ZIJlHHHOCjDOKyCHOrO  oSbeKTHBa 

5,  6  I13M-MaTpHii;bi  onTHKoajieKTpoHHbix  npeo6pa30BaTejieH 

7  CHCTeMa  CWTblBaHHfl  H3o6paXCeHHfl 

8  npopeccop  o6pa6oTKH  BH^eoHHcjDOpManHH 

9  KOHTpojuiep  ynpaBJiemM  ^BHraTejibHbiMH  ycTaHOBKaMH 

10  6jtok  naMaTH 

1 1  HCTGHHHK  BTOpHHHOTO  SJieKTponHTaHHJI 

1'aKHM  o6pa30M,  npMBe/ieHHbie  b  cTaTbe  TexHHnecKHH  o6jihk  h  ocHOBHbie 
TexHH*iecKHe  xapaKxepHCTHKH  Manoro  annapaTa  -  flHCTaHijHOHHo  ynpaBJiaeMoro 
MaHHrryjiHTopa  no3BOjnnoT  s^^ckthbho  peuiHTb  npoOneMy  CTa6HJiH3anHM 
np OH3B o jibHo  Bpamaioiperocfl  aBTOHOMHoro  KA  h  3aTeM  oSecnewrb  npoBeaeroie 
npeaBapjuTejibHOH  ^HamocTHKH  ero  c/iyxce6Hbix  chctcm.  Pe3yjibTaTbi  /maraocTHKH 
nepe^aiOTCH  Ha  6opT  annapaTa  peMOHTHHKa  (KAOP)  nun  nocne/iyioniero  anajnoa  h 
npHHHTHn  pemeHHH. 
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The  abstract 

The  perspectiv  space  activity  assumes  the  decision  of  a  problem  of  service  and  repair  of 
space  objects.  The  development  of  small  apparatus,  carrying  out  separate  auxiliary  functions  in 
this  process,  is  a  new  direction  of  their  development.  In  the  given  report  a  problem  of 
maintenance  of  stabilization  of  automatic  space  vehicles  (ASV),  losing  orientation,  with  use  of 
the  small  apparatus  -  distantly  of  the  controlled  manipulator  (CM)  is  considered.  By  results  of 
spent  researches  design  shape  of  the  apparatus  is  offered,  its  basic  systems  and  characteristics  are 
worked,  rational  areas  of  application  and  algorithm  of  use  are  determined  at  the  decision  of  a 
problem  of  stabilization  of  objects. 

Design  shape  of  the  small  apparatus 

The  most  distributed  accident  situations,  arising  on  an  orbit,  are  connected  to  loss  of 
orientation  by  space  objects  as  in  a  consequence  of  a  refusal  that  or  other  element,  and  in  result 
of  an  error  of  crew  or  in  a  program- software  because  of  unreliable  of  separate  operations.  These 
cases,  on  the  one  hand,  create  threat  to  safety  other  SV,  switching  on  and  elements  of 
international  space  station  (ISS),  on  the  other  hand,  can  result  in  loss  of  the  unique  and  expensive 
equipment,  delivered  by  space  objects. 

For  good  safety  independent  SV  and  the  infrastructures  of  station  in  such  situations  are 
necessary  for  withdrawing  the  emergency  apparatus  from  an  orbit  ISS,  to  ensure  realization  of  its 


diagnostics  and  appropriate  repair  operations.  Thus,  one  of  most  difficult  of  dynamic  and 
technological  operations  translation  of  the  emergency  apparatus  from  a  condition  of  any  angular 
rotation  in  a  condition  of  stabilized  object  is.  For  the  effective  decision  of  this  critical  technology 
it  is  offered  to  use  the  small  apparatus  distantially  the  controlled  manipulator.  The  basic  purpose 
of  this  small  apparatus  is  rigid  coupling  with  arbitrary  rotating  SV,  its  stabilization  and 
realization  of  preliminary  diagnostics  of  its  service  systems  with  the  subsequent  transfer  of  the 
information  aboard  automatic  ASV  of  service  and  repair  (SVSR).  Such  reusable  small  apparatus 
is  a  component  of  the  apparatus  of  the  repairman  at  general  weight  (75. . .  80)  kgs.  It  is  equipped 
by  an  effective  system  of  management  under  the  videoimage,  impellent  installation,  simplified 
service,  switching  on  and  system  of  stabilization,  working  on  hydrasine,  two  coapling  devices 
(CD)  various  constructive  fulfilment,  system  of  power  supply  and  etc..  One  of  SD  is  regular 
(type  "probe  -  cone")  and  is  intended  for  regular  rigid  coupling  with  served  SV  (SSV),  when  that 
is  in  a  stabilized  rule  (situation).  Second  CD  is  emergency  coupling  device  and  is  used  only  in 
that  case,  when  served  SV  is  in  a  condition  of  any  angular  rotation.  The  project-  layout  circuit  of 
the  small  apparatus  distantly  of  the  controlled  manipulator  is  resulted  on  fig.  1 .  The  fulfilment 
both  regular,  and  emergency  coupling  distantly  of  the  controlled  manipulator  with  SSV  assumes 
certain  presence  in  structure  SSV  of  the  passive  unit  CD  (reception  cone)  and  rotary  sighting  of  a 
bar  with  established  on  its  end  beacon. 

The  script  of  rapproachement  and  coupling  distantly  controlled 
Manipulator  with  arbitrary  rotating  SSV 

1.  Lag  (100..  .300  m)  SVSR  about  SSV  with  the  purpose  of  definition  of  parameters  of 
an  angular  movement  SSV  on  the  basis  of  the  analysis  of  its  videoimage  and  decision  of  a 
problem  of  a  choice  of  optimum  strategy  of  rapproachement  and  coupling  with  SSV  and 
subsequent  clearing  of  i  ts  angular  speed  and  stabilization. 

2.  Branch  distantially  of  the  controlled  manipulator  from  SVSR,  its  rapproachement 
(realization  of  a  trajectory  of  "pursuit")  and  rigid  coupling  with  SSV.  Clearing  an  angular 
movement  SSV  (at  the  expense  of  the  executive  engines  of  system  of  orientation  of  the 
manipulator)  and  stabilization  in  a  given  direction.  The  management  of  a  movement  distantly 
of  the  controlled  manipulator  at  stages  of  rapproachement,  coupling  and 
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Fig.  1 .  Project-layout  circuit  of  the  manipulator  CM 
( In  a  configuration  for  coupling  with  unco-operative  SV) 
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stabilization  is  carried  out  under  the  videoimage  in  a  semi-automatic  mode.  The  image  is 
transferred  to  a  ground  complex  of  management  (LMC)  and  the  team  with  LMC  on  the 
manipulator  is  transferred  with  retranlation  through  SVSR. 

3.  Realization  of  preliminary  diagnostics  of  a  condition  onboard  systems  SSV  with 
retranslation  of  the  information  through  SVSR. 

4.  Realization  diagnostic  and  repair  and  restorative  works. 

5.  Returning  the  manipulator  CM  aboard  SVSR. 

If  not  it  is  possible  stabilization  for  SSV  (for  example,  at  the  complete  charge  of  fuel)  or 
results  of  preliminary  diagnostics  show,  that  SSV  represents  direct  danger  for  SVSR,  distantly 
the  controlled  manipulator  is  separated  from  the  served  apparatus  and  comes  back  aboard  SVSR 
(for  fill  up  and  then  repeated  coupling  with  served  SV).  Stocks  of  fuel  (hydrazine)  onboard 
SVSR  allow  to  ensure  up  to  15  fill  up  of  the  manipulator,  that,  in  turn,  allows  it  in  a  total 
stabilization  independent  SV  in  weight  up  to  10  t. 


The  basic  characteristics  distantly  controlled  Manipulator  (CM) 

Table  1. 


Weight  of  the  apparatus  (without  fill  up  by  fuel  and  reserve),  kg 

50 

Dimensions,  mm 

Diameter  of  a  described  circle 

600 

Height 

900 

Reserv  of  characteristic  speed,  m/sec 

Power,  Wt 

i  i 

Maximum 

On  duty 

mm 

Control  system  a  movement: 

Government  under  the  videoimage; 

Interactiv  semi-automatic. 

Allowable  parameters  coupling: 

Relative  speed  of  rapproachement,  m/sec 

10 

Comer  between  a  vector  of  range  and  axis  coupling  unit,  hailstones. 

Angular  speed  between  a  vector  of  range  and  axis  coupling  unit, 

20 

hailstones  /  sec 

20 

Resolution  of  the  telechamber  (from  distance  100  m),  sm 

6 

Required  range  of  action  of  a  radioline,  km 

1 

Information  capability  of  a  radioline  for  transfer,  Mbod 

2,5 
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Analyzing  the  basic  characteristics  of  the  manipulator  CM,  resulted  in  table  1.  It  is 
necessary  to  note  following: 

Reserve  of  characteristic  speed  (about  320  m/c)  allows  to  the  manipulator  CM  to  carry 
out  repeated  trajectory  and  dynamic  manoeuvres  during  rapproachement  and  coupling  with 
served  SV); 

-  the  power  supply  of  systems  of  the  manipulator  CM  comes  true  from  storage  Ni  -Kd 
battery.  Maximum  power  -  40  Wt.  At  the  subsequent  stages  of  designing  use  of  the  more 
powerful  storage  battery  with  application  Li  -  elements  and  increase  power  maximum  up  to  150- 
200  Wt  is  supposed.  It  will  allow  in  addition  to  carry  out  diagnostics  of  functioning  of  the  basic 
service  systems  and  units  served  SV; 

-  resolution  of  the  telechamber  of  the  manipulator  CM  (6  sm  from  distance  100  m  of 
range)  allows  to  carry  out  visual  inspection  of  a  space  vehicle  with  transfer  of  the  teleinformation 
aboard  SVSR  or  in  LMC. 

-  onboard  the  manipulator  CM  presence  (10  kg  of  fuel  (hydrasine)  is  stipulated,  in  a 
design  of  the  manipulator  CM  the  refuelling  device,  ensuring  15-th  divisible  fill  up  hidrasine 
fiom  a  board  SVSR  is  stipulated. 

Table  2. 


The  mass  report  of  the  manipulator  CM 


System 

Weight, 

kg 

Videocomplex 

0,9 

Control  system: 

2,9 

Accelerometer 

0,3 

Angular  speed  measurement  gauges 

1,8 

Board  computer 

3,0 

Board  radiocomplex: 

7,7 

The  receiver 

0,6 

The  transmitter 

1,0 

Aerials 

1,6 

Other  elements 

4,5 

System  of  the  power  supply: 

9,55 

The  storage  battery 

9,0 

The  device  of  management 

0,55 

Impellent  installation: 

22,8 

Engines  (16) 

5,6 

Gas-hidro  system  units 

6,8 

Fill  up 

10,4 
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Thermo-control  system 

0,8 

BKC 

2,1 

Design  (in  view  of  a  reception  cone  passive  HUNDRED  and  captor  the 
device) 

20,65 

Reserve 

2,6 

Total: 

73,0 

Impellent  installation  of  the  manipulator  CM 


Table  3. 


Engine  characteristics 


Parameter 

Unit  of  measurements 

Meaning 

Available  draft  of  the  microengine 

N 

10 

Ouantityf  amount)  of  microengines 

- 

16 

Weight  of  fuel 

Active 

General 

Kg 

10,0 

10,4 

System  of  pressurization 

Gas  system  of 
submission  of  direct 
expansion 

Weight  engine  (dry) 

Kg _ _ 

12.4 

Specific  pulse  of  the  microengine 

N  sek  /  kg 

2000 

The  impellent  installation  works  on  one-component  fuel  -  hydrasine. 

System  of  pressurization.  In  system  gas  reserved  in  a  fuel  tank,  being  under  pressure  not 
less  2.106  Ila,  is  used.  Gas  of  pressurization  -  He.  In  accordance  with  development  of  fuel  the 
pressure  in  a  fuel  tank  decreases,  but  to  a  moment  of  complete  development  of  fuel  exceeds 
pressure  in  the  chamber  of  combu  stion  of  the  engine  on  size  of  hydraulic  losses  on  a  path. 

System  of  submission  of  fuel.  The  system  includes  a  fuel  tank,  explosive  valve  with 
explosive  valve,  stabilizer  of  pressure,  refuelling  and  verifying  valves. 

For  start  of  engines  in  weightlessness  inside  a  spherical  fuel  tank  is  phase  devided 
capillar  device.  Electro  —  hidraulic  valves  cut  fuel  highways  from  collectors  with  microengines, 
that  raises  reliability  of  system  in  a  case  unhermetisatuon  of  managing  valves  of  microengines. 
The  stabilizer  of  pressure  is  applied  to  regulation  of  pressure  in  chambers  of  combustion  of 
microengines  and  works  as  electroreductor. 
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Videocomplex  (VC)  manipulator  CM 
Basic  purposes  and  problems: 

Reception  of  the  black-and-white  image  of  object  with  the  given  sanction; 
Preliminary  processing  of  the  videoimage; 

Formation  of  an  image  of  object. 


Table  4. 

The  basic  characteristics  VC 


The  characteristics  VK 

Meanings 

Dimension  CCD  chip 

512x512 

Focus  distance  objective,  mm 

8 

The  sanction: 

Angular,  is  glad 

6x  104 

On  range  100  m,  m 

0,06 

Field  of  sight  of  the  videochamber 

32°  x  23°  (756  square 

hailstones) 

Volume  of  the  staff  of  the  videoimage,  Mbit 

2.4 

Time  of  formation  of  the  staff  of  the  videoimage,  sec 

0,02 

Dimensions,  mm  (prototype): 

Objective 

40x30 

The  chamber 

50  x  50  x  30 

Weight,  r  (prototype): 

Objective 

120 

The  chamber  with  elements  of  a  design 

780 

Power,  Wt 

3,0 

The  board  computer  complex  of  the  manipulator  CM 

Table  5. 

The  basic  characteristics  board  computer 


Word  length  of  data,  bit 

16 

Volume  the  read  -  only  STORAGE,  Kilobyte 

512 

Volume  of  operative  memory,  Kilobyte 

512 

Time  of  fulfilment  of  teams  of  a  type  the  register  -  register,  mcsec 

2 

Volume  of  buffer  memory,  Mb 

1(16  units,  64  kb  of 
each) 

Duration  of  a  cycle  of  reading,  nsec 

Power ,  Wt 

85 

Maximum 

7 

On  duty 

2 

Weight,  kg 

3 

Dimensions,  mm 

180  x  180x  80 
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Basic  soluble  problems: 

Processing  and  xpaHemie  of  the  programe  -  information  with  the  subsequent  its 

distribution  to  functional  modules; 

The  software  for  functioning  various  modules  and  their  testing; 

Synchronization  of  work  onboard  systems; 

Processing  the  videoimages  for  reception  of  the  information  about  mutual  orientation  and 
situation  between  objects; 

Processing  the  videoimages  for  orientation  in  star  -  system  of  coordinates; 

Organization  of  work  a  nd  management  of  work  onboard  systems, 

Prezervation  of  the  videoimages  and  preparation  for  trans  fer, 

Management  of  a  movement  and  orientation  of  the  apparatus, 

Processing,  keeping  and  preparation  for  transfer  of  the  telemetering  information, 
Realization  of  test  checks  during  a  presence  onboard  SVSR  and  on  ground; 

Organization  of  functioning  of  systems  of  the  manipulator  CM  in  structure  SVSR. 

Used  systems  of  prompting  in  a  problem  of  rapproachement  of  the  remote  manipulator  with 

arbitrary  rotating  served  SV. 

In  a  considered  problem  for  reception  of  the  information  about  parameters  passive 
arbitrary  rotating  SV  various  physical  principles  can  be  used.  However,  in  view  of  existing 
means  of  prompting,  in  structure  onboard  equipment  of  the  manipulator  were  used  video, 
infrared  and  radar-tracking  system  of  prompting.  Below  in  more  detail  television  system  (see  fig. 
2  is  considered  only.). 

The  system  of  prompting  on  unco-coperative  object  should  provide  reception  of  the 
information  about  parameters  of  a  movement  unco-coperative  object,  processing  of  these 
parameters  with  the  purpose  of  formation  of  a  trajectory  of  a  pursuit  and  to  form  teams  of 
management  by  impellent  installations  of  a  small  space  vehicle  -  the  manipulator  CM. 

The  television  system,  used  for  the  purposes  of  prompting,  is  shown  on  fig.  2. 

The  space  vehicle  CM  goes  to  unco-operative  object  from  the  solar  party  (to  light  time  of 
days).  The  information  with  short-focus  objective  2  acts  on  a  CCD  chip  6,  forming  a  signal  of 
the  image.  The  system  of  reading  of  the  image  7  forms  in  a  digital  kind  the  information,  acting 
on  the  processor  of  processing  of  the  videoinformation  8.  In  result  of  processing  of  the 
videoinformation  on  the  controller  of  management  by  impellent  installations  signals,  appropriate 
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to  a  trajectory  of  a  pursuit  for  unco-coperative  by  object,  act.  During  processing  the 
videoinformation  a  problem  of  recognition  of  an  image  of  object  is  solved,  the  reference 
information  about  which  is  stored  in  the  block  of  memory  10. 

After  prompting  on  unco-coperative  object  under  the  information  with  short-focus 
objective  the  processor  of  processing  of  the  videoinformation  forms  signals,  acting  on  the 
controller  of  a  drive  long-focus  objective  4.  During  rapproachement  with  unco-coperative  the 
object  with  the  purpose  coupling  uses  the  information,  acting  with  long-focus  objective  1. 

Presence  of  a  drive  long-focus  objective  allows  to  save  fuel  of  impellent  installations  at 
oscillatory  movements  unco-coperative  object. 

In  those  cases  when  unco-coperative  the  object  is  not  covered  by  the  Sun  system  of 
p  rompting  with  use  of  a  source  beaming  of  object  infrared  by  beams  can  be  applied  infrared.  On 
a  bar  unco-coperative  of  object  places  reflector  infrared  radiation.  As  against  television  system  of 
prompting  sensitive  elements  are  p-i-n-  diodes,  ensuring  high  sensitivity  to  infrared  to  radiation 
with  preservation  of  a  low  level  of  electrical  noise. 

The  radar-tracking  system  of  prompting  requires  presence  on  a  bar  unco-coperative  of 
object  corner  reflectors,  reflecting  radioradiation  with  length  of  a  wave  in  units  of  mms. 


Fig.2.  Television  system  of  prompting 
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Designation  on  fig.  2.: 

1  Long-focus  objective 

2  Short-focus  objective 

3  Drive  Long-focus  objective 

4  Controller  of  a  drive  Long-focus  objective 

5,  6  CCD  chip  optic-electronic  converters 

7  System  of  reading  of  the  image 

8  Processor  of  processing  of  the  videoinformation 

9  Controller  of  management  by  impellent  installations 

10  Block  of  memory 

1 1  Source  of  the  secondary  power  supply 

Thus,  resulted  in  the  article  technical  shape  and  basic  characteristics  of  the  small 
apparatus  -  distantly  of  the  controlled  manipulator  allow  effectively  to  decide  a  problem  of 
stabilization  arbitrary  rotating  independent  SV  and  then  to  ensure  realization  of  preliminary 
diagnostics  of  its  service  systems.  The  results  of  diagnostics  are  transferred  aboard  the  apparatus 
of  the  repairman  SVSR  for  the  subsequent  analysis  and  acceptance  of  the  decisions. 
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IlpoSjieMM  H  nepeneKTHBbI  pa3BHTHJI  CHCTeM 
flHCTaHPHOHHOFO  ItOHflHpOBaHHH  3eMJIH  Ha  OCHOBe  MajIbIX 

enyTHHKOB 

A.M.Ky3HH,  A.HvQ,y6oBOH.,  C.B.nyuiKapcKHH 
4  UfHHH  MO  PO 

141090,  r.K)6njieHHbffl  Mockobckoh  oSjiacra, 
yji .  THXOHpaBOBa 
tcji.5  19-86-80,  <J)aKc:  184-92-12 

OSecnenemie  bbicokhx  ypOBHCH  TaKTHKo -TexHin  ecKHX  xapaicrepHCTHK 
(jiHHeHHoro  pa3peuieiiHH.  KojnraecTBa  cHHMaeMbix  oObcktob,  cpoxoB  ax- 
THBHOrO  4)yHKHHOHHpOBaHHH). 

Ilepeaaaa  nojiyneHHOH  HHtfjopMamm  Ha  nyHKTbi  npneMa  b  peajibHOM 
MacnrraOe  BpeMeHii. 

IIlHpOKOe  HCnOJIbSOBaHUe  nOCJieaHHX  £OCTHXCeHHH  B  MHHHaTK>pH3a- 
HHH  H  MHKp03JI  eKTpOHHKe . 

CoaaaHHe  chctcm  flucxaHHHOHHoro  30HflHpoBaHiw  3eMjiH  c  annapaxy- 
poH,  cJjyHKHHOHHpyiomeH  b  pasjiHHHbix  /iHanasoHax  aiieKxpoMarHHXHoro 
cneKTpa. 


A.Ky3HH 


Problems  and  Perspectives  of  Development  of  Earth  Location 
Systems  Based  on  Small  Satellites. 

Kuzin  A.  I.,  Dubovoy  A.N.,  Pusharskiy  S.Y. 

Providing  of  high-level  tactical  and  technical  characteristics  (linear 
accuacy,  number  of  objects,  active  existence  duration  of  satellites). 

Transmitting  of  takn  information  to  earth  receiving  technical  points  in  real 
time. 

Wide  using  of  last  results  in  microelecronics. 

Development  of  Earth  distant  location  satellite  systems  in  different  bands 
of  electromagnetic  range. 
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Ma»opa3MepHHH  cnyTHHK  nucTaHHHOHHoro 
3oH/i,MpoBaHHa  Scmjih  b  HHtJ)p£iKpacHOM  nnana30He 

B.  J\.  XonxaeB,  IlyinKHH  H.M.,  Ahox  P.K,  KacaTKHH  H.  JI. 

(HnO  HaMepKTejibHaa  xexHHKa) ; Orpyjia  H.JL,  AkcBhob  IO.A. 

(HflO  Komito3Mt) 

141070,  r.  KopojieB  Mockobckoh  obnacTH, 
yji.  riHOHepcKaa,  2 
Ten.  513-12-05 

PaccMaTpMBajoTCfl  Bonpocbi  pa3pa6oTKM,  H3roTOBJieHHa  h  ncnojitaoBaHHfl 
MHHHaxiopHoro  cnyTHMKa  7133  1  (Macca  no  20kt)  c  annapaxypoM  HK-  nwana30Ha 
b  cocxaBe  npennonaraeMon  rjioGajibHoft  Hirc})opMapMoriHO  -  ynpaBJunomeft 
CHCTeMbl  2. 

MHHHaTiopHbift  cnyTHHK  ocHamaexca  HK  annapaTypoii,  HyBCTBMTejibHOM  b 
flnana30He  ajimh  bojih  2-5mkm  hjim  8-14mkm.  AnnapaTypa  no3BojweT  pemaTb 
cjienyfomHe  3ana4H:  onepaTHBHoe  ranpo  HMeTeoponoranecKoe  obecneneHKe, 
KOHTpOJIb  noncapOB,  MOHHTOpHHr  oGiiaKOB,  Jie/lOBOil  H  CHenCHOtt  o6cTaHOBKH, 
HccjienoBaHHe  oKeaHciaix  tchchhh;  paxBcnKa  3eMHbix  pecypcoB,  HayreHMC 
ByjiKaHOB,  pa3BenKa  Heqxm,  cnaxMe  TeroioBbix  xapx  mccthocth;  oSHapyjKeHHe 
nycKa  paKeT.  B  o6iu;eM  cjrynae  HK  annapaTypa  BKJiioHaeT  b  ce6a  TpH 
cjjyHKHHOHajibHo  3aBepmeHHbix  h  HMeroiimx  caMOCTOHTenbHoe  3Ha*ieHHe 
KOMnoHema. 

HK  (JjoTonpueMHoe  ycTpOHCTBO  (  HK  OriY  )  Maccoft  nopflnxa  500r.,  rne 
raaBHbiM  ajieMeHTOM  aBjiaeTca  HiMpoKocjjopMaTHbiii  MaTpHHHbiM  HK 
4>OTonpMeMHHK  Ha  ocHOBe  TOHKHX  roieHOK  (5- 10  mkm)  PbSnGeTe:In.  AnnapaTypa 
o6pa6oTicn  HH(J)opMaHMH  ne  nojrxma  npeBbimaTb  no  Macce  (0,8- 1,5  kt. 

BTOpbIM  KOMnO  H  CHTOM  HBJIHIOTCH  CHCTeMbl  OXJiaXCXeHHH,  BbinOJIHHeMbre, 
KaK  npaBHJio,  Ha  6a3e  ra30Bbix  KpHoreHHbix  MauiHH  (rKM)./ljia  a30THoro 
ypoBHH  oxnaacfleHKJi  (  77  K  )  yxce  ceHHac  M3BecTHbi  xojionHJibHbie  ManiHHbi 
MaccoH  no  300r.  /pin  TeMnepaTyp  oxaangaeHMa  HHxe  aaoTHOH  m  BmioTb  no  30  K 
cncTeMa  oxjiajKnennH  Ha  6a3e  H3BecTHOH  FKM  THna  MCMr  6yneT  HMeTb  Maccy 
6-8Kr 

TpeTbMM  KOMnoneHTOM  HBJiaeTca  onTHKa.  Pa3pa6oraHa  TexHonoraa 
H3r OTOBneHHH  oOjierreHHbix  3epKan.  3epKanbHHH  obbeKTHB  cpenHero  h  nanbHero 
HK  -  nwana30H0B  Ha  ocHOBe  yraepon  -KapbHn  -  KpeMHHeBbix  (C-Sic-Si) 
KOMno3Hu;HOHHbix  MaTepKaaoB.  c  yrnoM  nojia  3peHHH  6-8°  Moacex  HMeTb 
raGapHTHbie  pa3Mepbi  riopanKa  0, 3-0,4  m  h  Bee  3  kg.  Ha  ocHOBe  6epHJiJiH» 
MOxeT  6biTb  pa3pa6oTaH  o6i»ckthb  co  BXonHbiM  3panKOM  nnaMerpoM  100-150  mm, 
o6ecne4HBaK>iii;HH  yMepeHHoe  paapemeiiHe  h  Maccy  He  Sojiee  0,5  kt.  B  stom 
cjiyiae  Bee  neTajni  oObeKTHBa  roroTaBnHBaioTCH  H3  onHoro  Maxepwajia,  tto 
oOecneMHBaeT  MaKCHMaJibHyio  reoMexpHnecKyio  cTaQMJibHocTb  npH  oxnancneHHH. 
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Satellite  of  a  small  size  of  remote  sounding  of  earth  (rse)  in  infrared  range 

Khodjaev  V.D.,  Pushkin  N.M.,Achokh  R.K., Kasatkin  I.L.  ,  . 

(  NPO  Measuring  engineering);  Strulja  I.L.,  Aksenov  Ju.A. 

(  NPO  Kompozit) 

The  problems  of  development  are  considered,  of  manufacturing  and  use  of 
a  satellite  of  a  mesh  size  of  RSE1  (weight  up  to  20kg)  with 
instrumentation  of  IK-range  in  a  structure  assumed  global  is 
informational  -  managing  system  . 

The  miniature  satellite  is  equipped  IR  by  instrumentation,  sensing  in  range  of 
lengths  of  waves  2-5  or  8-14mkm.  The  instrumentation  allows  to  decide  the  following 
problems;  operating  gydro  and  meteorological  maintenance,  control  of  fires,  monitoring 
of  clouds,  ice  and  snow  conditions(situation),  research  of  ocean  currents;  investigation 
of  earth  resources,  study  of  volcanos,  investigation  of  petroleum,  removal  of  thermal 
cards  of  district;  detection  of  launch  of  rockets.  In  general  case  IR  the  instrumentation 
includes  three  functionally  completed  and  have  independent  value  of  a  component 

IR  photoreceiving  device  (IR  PRD)  weight  of  the  order  500g.,  where  a  main 
element  is  wide-foim  matrix  IR  the  photoreceiver  because  of  of  thin  films  (5-10mkm) 
(PbSnGeTe:In).  The  instrumentation  of  information  processing  should  not  exceed  on 

overall  dimensions  and  weight  0,8- 1,5  kg. 

The  second  component  are  the  systems  of  cooling  executed(designed),  as  a  rule, 
on  the  basis  of  gas  cryogenic  machines  (TKM)  For  a  nitrogen  level  of  cooling  (77K)  the 
refrigerating  machines  of  weight  up  to  300g  are  already  now  known.  For  temperatures  of 
cooling  is  lower  nitrogen  and  down  to  30K  the  system  of  cooling  on  the  basis  of  known 
TKM  of  a  type  MCMT  will  have  weight  6-8k 

The  third  component  is  the  optics.  The  production  process  of  the  facilitated 
mirrors  is  developed.  Mirror  objective  mean  (middle)  and  distant  IR  -  ranges  because  ot 
carbon  -  carbide  -  silicon  (C-SiC-Si)  of  composite  materials  with  a  angle  of  a  field  of 
sight  6-8°  can  have  overall  dimensions  of  the  order  0,3-0, 4  m  and  weight  3  kg. 

Because  of  of  beryllium  can  be  developed  the  objective  with  an  entrance  pupil  of 
diameter  100-150  mm  ensuring  the  moderate  sanction  and  weight  no  more  than  0,5 
kgs.  In  this  case  all  the  detailses  of  the  objective  are  produced  from  one  material,  that 
provides  maximum  geometric  stability  at  cooling. 


KoimennHH  Majroro  cnyTHHKa  AHCxamjHOHHoro 

30HAHpOBaniM  3eMjiH  Ha  6a3e  nepcneKTHBHbix 
OnTHKO-3JieKTpOHHbIX  TeXHOJIOrHH 

M.^.POAHOHOB,  H.n.PoflHOHOBa 
HTU,  PeareHT,  r.  MocKBa 
OaKc:  (095)  155  -  45  -  33 
M.IO.OBqHHHHKOB 

HIIM  hm.  M.B.Keji/ibima,  r.  MocKBa 

BbicoKHe  xapaicrepHCTHKH  «6ojibniHX»  annapaTOB  aaa  /133 
CBB3aHbi,  b  ochobhom,  c  MexaHtmecKHM  peuieHHeM  npoOjieMbl 
HaBe^eHiM,  cxa6nnH3anHH,  nepeAann  Goabihhx  oGbeMOB  AaHHbix  no 
pa/inoKaHajiaM,  oSecneneHne  bmcokoh  qyBCXBHxenbHocxH  3a  cnex 
Sojibiiion  anepTypbi  o&beKxoB. 

HoBbie  BO3MOXCH0CXH  MHKpOMexaHHKH  H  HaHOTeXHOJIOXHH 
no3BOjiBK)T,  b  npHHnnne  pemaTb  sxh  npoGxeMbi  aHajiorHMHMM 
o6pa30M,  ho  c  KanecTBeniibiM  yMeHbineHHeM  MaccoraGapnxoB  h 
3HepronoTpe6jieHHH. 

B  3tom  nonxone  MajibiH  cnyTHHK  ABAnexcA  yMeHbmeHHOH 

Konnen  Gojibnioro. 

QzjHaKO,  B03M0XCeH  H  npyrOM  rionxon,  B  KOXOpOM  3XH  npoOiieMbl 
pemaiOTcn  3a  cm  ex  ycxpaHeraw  xpeGoBamiH  k  xomhocxh  HaBcneHHM  h 
CTa6HJiH3anHH,  a  BbicoKaa  MyBCXBHxenbHocTb  AocxHraexca  3a  cneT 
KBaHTOBOH  HyBCTBHxenbHocxH  (|)OTonpHeMHbix  ycxpoiicxB.  flepenaxa 
AaHHbix  ocymecTBjiqeTCH  no  skohomhmhmm  naaepHbiM  KaHajiaM  cbh3h 
c  sjieKTpoHHbiM  BbicoKOTOHHbiM  HaBeneHiieM  h  AepxcaHHeM  Jiyna. 

MMeHHO  3TOT  BXOpOM  nOAXQA  H  paCCMaxpHBaeXCH  B  nOKJiane. 

IIOKa3aHO,  MXO  KMCeXCA  B03M0XCH0CTB  He  TOJIbKO  peHIHTb  MHCXO 
MaTeMaxHHecKHM  nyreM  npo6neMbi  HaBCAeinw  h  CTaOn/ii-namiM 
annapaTa,  ho  h  oGecneMHXb  He  peajiH30BaHHbie  ao  nacxonuiero 
BpeMeHH  b  GojibiHHX  cncxeMax  cbohctbo  -  rHnepcneKXpanbHoe 
pa3pemeHHe,  3 KBiiBajr e htho e  xhmhh e CKOMy  3peHHK). 

TpeSoBaHHe  k  coGcxbchho  cnyTHHKOBbiM  iniaxcjiopMaM  b  sxoii 
KOHnemi,HH  MHHHMa/ibHoe .  3xo  h  no3BOJwex  cxponxb  Majibie 
annapaxbi  6e3  npHMCHeiiHM  yHHKajibHbix  xexHonoraH  MHKpOMexaHHKH 
H  HaHOXeXHOJIOrHH. 

Ochobhbim  npHjioxceHHeM  xaKHX  annapaxoB  nBjinexcn 
AHCXaHHHOHHblH  KOHXpOAb  JIOKaJIbHbIX  npOMbHIUieHHblX  30H  -  xpaccw 
xpyGonpoBonoB,  XHMunecKHe  npoH3BOACXBa,  sKonoraMecKH  onacHbie 
oGbeKXbi  h  Ap. 

OcHOBHoe  npeHMymecxBo  xaKHX  annapaxoB  -  hx  Majiaa  cxoHMocxb 
no  cpaBHeHHio  c  xpaAHHjioHHbiMH  cncxeMaMH  h  Majioe  BpeMa  Ha 
peajm3an;HK)  npoexxa  1  -  1.5  rona.  Bmboa  annapaxa  mojkcx 
npoH3BOAHXbCH  MajibiMH  paKexaMH  hah  b  KanecxBe  nonyxHoro  rpy3a. 

HMeioinHecn  Ha  pbiHKe  KOMnoHeHxw  h  xexHOJi oran  ecKHM  3aAeA 
no  annapaxype  no3BOA»ex  ocymecxBHXb  ripaKXHxecKyio  peajiH3anHio 
npoeKxa  b  yKa3aHHbie  cpoKH  npn  hbahahh  cKpoMHoro 
(J)HHaHCHpOBaHHa. 


H.Poahohob 


KoHiteimnH  h  npaKTH'iecKaji  peaaH3au,HH  aKoaoraaecKon  TMC 
Hothhckoto  panona  Mockobckoh  o6jiacTH 


BopoHOBa  M.  B.,  2tCyKOB  B.T.,  JIaaapeB  F.E., 

PeBKOB  A.H.,  HepHHu;oBa  O.B.,  Hhctob  C.B. 

(Mry  HM.  M.BJlOMOHOCOBa) 

Hocaeamie  roflbi  xapa  Kxe  p  H3y  iOTca  noflBJiemieM  pa3Hoo6pa3Hbix 
reorpacj)HlfecKHX  HHcjjopMauHOHHbrx  cncTeM  (rHC),  npH3BaHHbix  peinaTb  b 
TOM  HHCJie  H  SKOJlOraBeCKHe  npoSjieMbl  TeppHTOpHIl  pa3JIERHOrO  ypOBHB. 
Pa3pa6oTBHKH  raKMX  FHC  name  Bcero  Hflyr  no  aByM  HanpaBJiemwM.  B 
nepBOM  cayaae  SKoaoraaecKHM  eonpocaM  OTBoaaTca  cnepHajibHbie  pecypcbi 
b  6oaee  oSurapHOH  EMC  c  paaaHHHbiMH  TeMaTHaecKHMH  HanpaBaeHHHMH. 
Bo  btopom  co3flaioTCB  cnen;HaaH3HpoBaHHbie  FHC,  npeaHa3Haaei ruble 
Henocpe^cTBeHHO  hjib  pemeHHH  sKoaoraaecKHX  3aaaa. 

B  HayaHo-HccaeaoBaTeabCKOH  aa6opaTopHH  “Mockobckhh  peraoH” 
h  Ha  Kac[)enpe  KapTorpac|)HH  h  reoHHcf)opMaTHKH  reorpac|)HTiecKoro 
4>aKyabxeTa  Mry  hm.  M.B.JloMonocoBa  naaaTO  co3aariHe  sKoaornaecKOH 
FHC  HomiicKoro  paiioHa  Mockobckoh  oSaacm. 

OcHOBy  KOHD,enH,HH  o6pa:3yeT  npHHHHn  HeacHanpaBaeHHocTH, 
KOTopbra  npeanoaaraeT  xiecKoabKO  momchtob.  Bo-nepBbix,  THC  aoaacHa 
6biTb  opHeHTHpoBaHa  Ha  panoHHbiH  vpoBeHb,  npeanoa  arafomnH 
onpeneaeHHMH  MaciuxaSebiH  p»a  HHc|)poBbix  KapT  h  Ha6op 

CTaTHCTHHeCKOH,  aSpOKOCMHHCCKOH,  onncaTeabHOH  h  ripoaeM 
HH(J)OpMaHHH,  HCoSxoaHMOM  H  aOCTaTOaHMH  /UI«  pemeHHH  ITOCTaBJieHHblX 
3aaaa.  Bo-BTopbix,  HCoSxoanMo  yaHTbiBaTb  perHOHaabHoe  CBoeo6pa3He 
npHpoaHbix  ycaoBHH  h  ocoSeHHoexeH  aHTponoreHHbix  BoaaeHCTBHH  Ha 
npnpoay.  Hmchho  3to  B3aHMoaeHCTBHe  b  caoxcHbix  cHCTeMax  “npnpoaa- 
oSmecTBo”  OTpaxcaeTca  b  ocoSeHHocxax  sKoaoraaecKoro  coctohhhh 
pa3anHHbix  yaacTKOB  HccaeayeMOH  TeppHTopHH.  Flpn  stom  caeayex 
nOMHHTb,  HTO  B03aeH CTBHH  MOryT  HMeTb  MeCTHblH,  TpaHCTpaHHHHblH  H 
rao6aabHbiH  xapaKTep,  hto  oGaabmaeT  Hcnoab30BaTb  onpeaeaeHHbiH  HaSop 
napaMexpoB  ou,eHKH  h  apceHaa  MeToaoB  HccaeaoBaHHa. 

B  coBpeMCHHbix  ycaoBHax  b  cnay  paaa  o&beKTHBHbix  h 
cySbeKTHBHbix  npHHHH  HepeaabHo  cTaBHTb  3aaaay  He  ToabKO  pemeHHH,  ho 
h  oTpaxceHMa  Bcero  cneKTpa  aKonoraaecKHx  npo6aeM  MecTHoro  3HaaemiH. 
Abtopm  CHHxaioT  HeoSxoaHMbiM  HCnoab30BaTb  npHHHHn 

npHopii TeTHocTH ,  npeanoaaraioHiHH  nocTeneHHoe  HanoaHeHHe  THC  ot 
raaBHoro  k  aacraoMy  (ecTecTBeHHo,  HMeeTca  b  BHuy  cneKTp  3Koa oraa e c khx 
npoSaeM).  3to  ob,hh  hs  HanSoiiee  BaacHbix  momchtob,  Tpe6yioiHHH 
coBMecxHoro  c  aflMHHH  cTp  aiiH  e  h  060c  ho  Banna  Ha  ocnoBe 
npeflBapHTeabHoro  3HaKOMCTBa  c  MaTepnaaaMH  oTxeTnocTH  o  coctohhhh 
npHpoanoH  cpeati  h  3^opoBba  HaceaeHHa. 

Abtopm  caixraioT,  axo  SKonoraaecKaa  FHC,  HecMOTpa  Ha 

otho cHxeabHo  cTporyio  TeMaTnaecKyio  HanpaBaeHHocTb,  aonaora  onepaTbca 


M. BopoHOBa  h  ap 


Ha  npHHHHn  MHorotJjyHKnHOHaabHOCTH.  3xo  o3Hanaex  peajiH3aHHio  b 
cpeae  THC  cjie/iytomHX  cJdyhklihh: 

?  cnpaBOHHO-HH^OpMaHHOHHBIX  -  BbinoaHHIOXCfl  pasaHBHbie 

aanpocbi  noxpeSHxeaen  oxHocHxeabHo  aKoaoranecKoro  cocxohhhb  b 
xonKe,  jihhhh  h  Ha  naomaan  no  cncTeMe  napaMeTpoe,  3ajioxeHHbix  b 
6a3y  naHHbix; 

?  BKcnepTHo-oneHonnbix  -  onpeaeanexca  cieneHb  oTKJioHeHHH  ot 
HopMH  3HaneHHH  aKOjioranecKHX  napaMeTpoB  c  neabio  onpeaeaemw 
npoSjieMHbix  cnxyantra; 

?  HccjieflOBaTejibCKHX  -  Bbinoamnoxcn  pasjiHHHbie  paciicnibic 
nponenypbi  h  peaaH3yioxcfl  npneMbi  MaxeMaxH ko - Kapxo  rpacf) mm e c koto 
MO/ie.fIHpOBaHHS  C  nOCTpoeHHCM  HOBbIX  KapT; 

?  MOHHTOpHHrOBbIX  -  Ha  OCHOBe  nOJieBMX  HCCJieflOBaHHH  H 
neinHtJjpHpoBaHHn  MaxepnaaoB  aHcxaimHoiiHoro  30Hnnp0BaHHfl 
jTOKajffl3yioTCfl  ynacTKH ,  ra^  HeoSxoanMO  opraHH30BaTb  cexb  a^TaabHbix 
oGcjieflOBaHHH; 

?  nporao3HpoBamw  pa3BHxnn  xeppnxopHH  Ha  OaroKaniiiyio  h 
nJiHTejibHyio  nepcneKXHBbi; 

?  aflMHHHCTpaTHBHo-ynpaBJieiFiccKHX  -  BbipaSaxbiBaexca 

onTHMajibHbin  ajiropHTM  pa6oTbi  c  THC  c  neabio  Bbipa6oTKH  pemeHHH 
no  cncTeMe  MeponpHHXHH,  HanpaBJieHHbix  Ha  cHEDKeroie  bo3b,chctbhh  Ha 
npnpoaHyio  cpeay  h  peaGHJiHxannio  (peKyabXHBanMio)  3eMejib; 

?  HOpMaXHBHO-MeXOBHHeCKHX; 

?  o6pa30BaxejibHO-npocBexHxejibHbix. 

Ochobbi  3KOjiorariecKOH  rHC  HornHCKoro  panoHa 
peajiH3DBaHbi  Ha  aoyx  ypoBxwx.  ,0,mh  panoHa  b  nejioM  b  cpeaHeM 
Macinxa6e  (rjiaBHbiM  o6pa30M  1:200000)  npencxaineHa  MHoroo6pa3Ha» 
3KOHHcJ)opManHa,  riojiyneHHaa  no  pa3jmTnibiM  ncxoaenKaM,  b  xom  nncae  h 
Ha  aaHHbix  nojieBbix  KOMroieKCHbix  3Koaoro-reoxHMtraecKMX 

oScjienoBaHHH,  npoBeflemibix  aBXOpcKHM  KoaaeKXHBOM.  PeajiH30BaHa 
oneHKa  aKonornxecKOM  oOcxaiioBKH  xeppnxopHH  panoHa  c  neabio 
BbIHBJTeHHH  MpC3BbIxiaHHOH  aKOMOmHeCKOM  CHXyaLIHH,  30H  3KOJIO XM MeCKOrO 
6eacxBiw.  HccjieflOBaHbi  ocoOchhocxh  sKoaoranecKoro  cocxohhhm 
noBepxHocxHbix  n  noa3eMHbix  Boa,  pacxnxejibHoro  noKpoBa,  noTiBO- 
rpyHTOB.  no  3XHM  aaHHbiM  b  cpeae  THC  npoBeaeHa  KOMnaeiccHaa  oneHKa 
aKoaoraaecKoro  cocxoiihhh  3eMejib  h  BbiflBJicHbi  npoSjicMiibie  cHxyannn. 
DapaJUiejibHo  axoMy  b  cpeay  FHC  sanocmiHCb  cBeacraifl  o  3£opoBbe 
HaceaeHHH  no  pany  napaMexpoB  b  oco6chhocxm  ana  yaacxKOB,  me 
oxMeaaioxca  30hw  noBbimeHHoro  3KoaoraaecKoro  pnexa  ana  acHxeaen. 

B  pexyabxaxe  BbWBjieHbi  xeppHXopnn,  no  KoxopbiM  npeanoxena 
pa3pa6oxKa  na  aoKaabHOM  (mccxhom)  ypoBHe  KpynHOMacinxa6Hbix 
nccaeaoBaHHH  (ocHOBHbie  MacmxaSbi  KapxorpatjfflpoBamia  1:25  000  h  1:50 
000).  AaHHbie  HccaeaoBaHHH  k  HacxoaineMy  MOMeHxy  3aBepmeHbi  JiHiub  ana 
xeppHXopHH  r.3aeKxpoyran. 

nepBbin  onbix  pa6ox  no  co3aaHnio  ochob  aKoaoraaecKon  TllC 
noKa3aj[  peaabHbie  bo3Mo>khocxh  no  ee  nocaeayioineMy  HaKoruieHHio 
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nocKOjiLKy  CHCTeMa  pa3pa6aTMBaeTca  Ha  ocHOBe  npnHHuna  otkpwtocth 
Am  nocjie/nyioiii;ero  HapamHBaHHH.  HaM  bhahtca  AanbHeninee  pa3BHTHe  no 
nyra  peajiH3annH  {JjyHKnnn  HHTerpapHH  HMeiomencB  b  HacTonmee  BpeMH 
HiicJ)opMaiiHM  no  ak>6mm  HanpaBJ][eriM5iM  HHP  npeAcxaBMTeneH  paajTH-nihrx 
3anHTepecoBaHHMX  opraHH3an,HH  h  opraHOB  ynpaBJienna  TeppHTOpiwMH. 
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nEPCriEKTHBbl  C03AAHM5I  ME^YHAPOflHOH  CMCTEMbI 
rJIOBAJIbHOrO  MOHHTOPMHEA  030HOCOEPH 


Ytkhh  B.O.,  JlyKbameHKo  B.R,  PanicyHOB  r.r., 

Bojikob  A.B.,  ToponBHH  B.C. 

I^eHTpajIBHBIH  HayqHO-MCCJieflOBaTejlbCKHM  HHCTHTyT  MaiHHHOCTpoeHHH 


Yace  b  TeaeHHe  AByx  aecaTHJieTHH  b  aTMoccjjepe  3eMJiH 
npoflojDKaeTca  npopecc  rnOejiH  o30HOBoro  cjioa,  aaiuMmaiomero 
6Hoc(|)epy  ot  ryOHTejibHoro  B03,fl,eHCTBHH  xcecTKoro  yjibTpacjDHOJieTOBoro 
M3JiyqeHHH  CojiHpa.  B  nocne^HHe  ro^bi  excemuHaa  y6biJib  030Ha 
cocTaBJiaeT  0.7%  ot  ero  nojiHoro  coflepxcaHHa.  Flo  pa3HbiM  flaHHbiM  y>Ke 
cymecTByiomHH  ac^hhht  030Ha  cocTaBJiaeT  8...  10%  ot  ero  nojiHoro 
coflepxcaHHa  b  aTMOccj^epe.  B  HacToaiijee  Bpewa  caHTaerca,  hto  zie(J)MUHT 
030Ha  b  pa3Mepe  30%  ot  nojiHoro  co#ep>KaHHa  npHBe^er  k  rHOejin 
oaoHoccijepbi.  CorjiacHo  nporno3y,  npennojiaraiomeMy,  bto  excero/praa 
yObiJib  coxpaHHTca  Ha  coBpeMCHHOM  ypoBHe,  to  BceMHpHaa  KaTacTpo<J)a 
x#eT  6Hoc(J)epy  y>Ke  b  2030  rony. 

B  toh  cHTyau;HM,  b  KaKoil  oKa3ajiocb  aejioBeaecTBo,  HeoSxoflHMO 
o^HOBpeMeHHoe  npoBeflenne  b  SKCTpeHHOM  nopa^Ke  h  b  6o;ibiiieM,  aeM 
3to  HMeeT  MecTo  ceiiHac,  oSbeMe  cjie^yiomHX  Hccjie,o,oBaHHH: 

•  MOHHTOpHHr  aTMoc(J)epbi,  HanpaBJieHHbra  Ha  onpe/iejieiiHe  aniiaMHKM 
H3MeHeriHa  b  npocTpaHCTBe  h  BpeMCHH  030Ha  h  Majibix  KOMnoHeHT 
npHpo^Horo  h  aHTponoreHHoro  npoHcxox^eHHa,  OKa3biBaioinHx  BjmaHwe 
Ha  cocToaHHe  030HOBoro  cjioa; 

•  MOHHTOpHHr  yjibTpacJ)HOJieTOBoro  H3JiyaeHHa  CojiHpa  b  aTMoc(J)epe  h 
Ha  noBepxHOCTH  3eMJiH  h  ero  CBa3H  c  cocToaHHeM  030H0B0ro  cjioa  h 
HajiHHHeM  Majibix  KOMnoHeHT  ecTecTBeHHoro  h  aHTponoreHHoro 
nponcxoxcfleHHa; 

•  TeopeTHaecKHe  h  SKcnepHMeHTajibiibie  HccjieaoBaHHa  /tHuaMHaecKHX, 
(J)OTOXHMHaecKHX  h  paflHapHOHHbix  npopeccoB,  onpe^ejiaiomHX 
o6pa30BaHHe  h  Hcae3HOBeHHe  o30Ha  b  aTMoc(J)epe  3eMJin; 

•  TeopeTnaecKHe  h  3KcnepHMeHTajibHbie  Hccjie,a;oBaHHH  npHHHH 
ecTecTBeHHoro  h  amponoreHHoro  nponcxoxcaeHHa,  onpe/iejiaiomHx 
npopecc  pa3pymeHHa  030HOBoro  cjioa  3eMjra; 

•  HccjieflOBaHHa  KJiHMaTHaecKHX  noeaeACTBHH  pa3pynieHHa  030HOBoro 
cjioa  3eMjiH; 

•  Hccae^oBaHHa  bjihhhhh  H3MeneHHa  KOHHeHTpapHH  o30Ha  b  aTMocc[)epe 
Ha  6Hoc4)epy  3eMJin; 

•  noHCK  h  pa3pa6oTKa  HayaHo-TexHHaecKHx  MeponpHaran, 
HanpaBJieHHbix  Ha  coxpaHeHne  h  BoccTaHOBJieHHe  o3onoBoro  cjioa  3eMJin. 
B  HacToamen  CTaTbe  onncbiBaeTca  cocToaHHe  pa6oT  no  opraHH3au,MH 
MOHHTopHHra  030HOC(J)epbi.  ^3,aK)Tca  npe/uioxceHna  no  opraHH3au;HH 
MexmyHapo^Hon  cncTeMbi  rnoSajibHoro  MOHHTopHHra  o30Hoc<J)epbi. 
npHBOAaTca  nperuioxcenna  no  MexcaynapoinioMy  coTpyzjHHaecTBy  b 
oSjiacTH  co3aaHHa  oxzjejibHbix  3JieMeHTOB  h  cncTeMbi  rjioGajibnoro 
MOHHTopHHra  030H0C(|)epbI  B  peJIOM. 
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The  connection  betweem  the  cloudiness  and  various  tectonical  structures  in  the  Earth’ 
crust  is  well-known  for  geologists  [1].  The  data  aabout  the  cloudiness  state  can  consist  the 
information  about  the  earthquakes  precoursers.  Front  the  other  side,  it  can  be  used  for 
meteorological  disasters  predicton.  [2]. 

It  is  very  actual  our  days  because  of  well  organized  meteoconditions  forecast  by  means  of 
great  deal  of  space  instruments  which  were  acting  yet. 

The  base  of  «tectonical  clouds»  creation  is  the  injection  of  submicronic  aerosoles  during  the 
process  of  degasation  in  tectonical  active  zones. [3, 4].  The  aerozoles  are  the  centres  of  water 
vapours’  condensation.  Very  often  such  cloudiness  indicates  the  tectonical  faults  presence. 
The  clouds  have  specific  stretched  shapes  with  sharp  boundaries  and  the  other  features.  Let 
us  notice,  that  for  the  tectonical  cloudiness  creation  determined  thermodynamical  conditions 
and  increased  dumpness  are  necessary.  To  receive  statistically  significant  results  in  process  of 
tectonical  cloudiness  creation  investigation  it  needs  long-term  explorations.  Favourable 
zones  for  observations  are  Crimea  and  North  Caucasus,  where  there  are  data  of  aerosoles 
streams. 

The  most  seismic  active  region  of  Crimea  seismic  zone  for  which  we  have  large 
meteorological  and  seismic  data  bank  was  choosen. 

Dotted  line  presents  fault  zones,  which  were  defined  earlier  on  the  chair  of  the  Physics  of  the 
Earth  [5  j,  solid  lines  -  determined  by  DSS  method  on  the  map  of  Crimea.(fig.  1 ). 


Fig.  1  Fig.  2 


These  zones  are  potential  areas  of  earthquakes’  centers.  The  stars  present  the  earthquakes’ 
epicenters,  which  were  happened  in  several  years.  It  is  evident  that  main  number  of 
earthquakes  is  concentrated  in  shelf  zone  near  Yalta,  and  it  coincides  with  faults’  zones 
structures,  especially  in  the  area  of  their  crosses. 


The  choosen  for  investigation  region  is  limited  by  coordinates  A,=33,5°-34,5°E,  c()— 44°  -45°N. 
296  earthquakes  from  1936  to  1981  were  choosen  from  the  catalogue  of  Crimea  seismicity. 
[7],  Meteodata  of  «Yalta»  and  «I-Petry»  stations  were  considered  for  the  date  of  each 
earthquake  during  this  period.  Notice,  that  they  were  selected  in  limits  of  four  days  before 
earthquakes. 

As  it  was  mentioned  above,  the  extra  quantity  of  aerosoles  are  injected  from  the  fault  zone 
before  the  earthquake.  It  increases  the  number  of  condencation  kernel  in  athmosphere.  It  was 
evidence  to  start  from  analysis  of  relations  between  earthquakes  and  cloudiness  in 
troposphere. 


We  made  efforts  to  find  relation  of  earthquakes  and  cloudiness  range.  It  is  known,  that  the 
cloudiness  is  measured  in  units  from  1  to  10,  10  -  all  sky  in  covered  by  clouds,  5  -  half,  0  - 
there  are  no  clouds  in  the  sky.  The  cloudiness  range  temporal  variations  were  considered, 
from  4  days  before  earthquake  with  6-hour  step. 

At  first,  we  defined  that  the  cloudiness  with  the  range  from  0  to  6  presents  makes  up  15%  of 
all  events.  So,  the  most  attention  was  payed  up  to  the  analysis  of  cloudiness  with  range  from  7 
to  10. 

The  frequency  of  cloudiness  distribution  with  range  9-10  and  7-8,  obtained  during  our 
investigation,  is  shown  in  fig.2. 


hours  before  earthquake  hours  before  earthquake 


degree*  degrees 

Fig.  3  -  Fig.  6 

Range  distributions  are  similar,  only  the  range  9-10  appears  more  often.  There  are  2  maxima 
in  fig.2.  The  first  -  24-30  hours  before  earthquake,  and  the  second  -  42-66,  so  the  daily 
pereodicity  of  range  increasing  appears  before  earthquake.  The  cloudiness  range  increasing 
cannot  be  explained  by  global  cyclonis  activity  because  of  7  days  pereoidicity  of  this  cyclones 
and  non-stability  of  southern  cyclones.  More  over,  according  long-term  data  the  mean  year 
range  is  5  in  choosen  region.[8].  So,  the  determined  daily  periodicity  of  increased  range  (9- 
10)  before  earthquake  coincides  with  the  processes,  which  increases  seismoactivity. 

Analogous  analysis  of  cloudiness  distribution  by  range  was  carried  out  by  data  of 


meteostation  «I-Petry»,  which  is  placed  in  Yalta  mountain  pasture(l  180  m  above  sea),  The 
temporal  lange  distributions  (range  8-30)  for  autumn-winter  (fig. 3)  and  spring-su name r( fig. 
4)  are  presented. 

It  is  evident  from  this  figures  that  the  range  distributions  in  cold  and  warm  period  are 
analogous.  Front  the  comparison  of  cloudiness  range  distribution  in  Yalta  and  J-Petry  were 
found  out  some  difference,  which  can  be  explained  by  fact,  that  for  I-Petry  was  used 
investigation  materials  only  for  20  years.  (1938-1 959). 

Obviously  interesting  to  conciderate  temporal  changing  of  air  streams  directions  before 
earthquakes,  because  the  Crimea  is  stretched  along  the  coast  from  south-west  to  north-east. 
The  wind  directions  for  4  days  before  earthquakes  with  6-hour  step  were  choosen  from 
meteojournals  of  «I-Petry»  station. 

It  is  important  to  take  into  account  that  the  dynamical  action  on  Crimea  and  its’  coast  is 
gieatly  different  for  air  streams  which  are  parallel  (N-E,  E,  S-W,  W)  and  perpendecular  (N, 
N-W,  S,  S-E)  to  mountain  ridge.  The  parallel  streams  evenly  move  along  the  ridge  from  both 
sides,  but  the  perpendecular  ones  cross  the  ridge.  It  is  connected  with  redistribution  of  all 
meteorological  parameters  on  lee  side,  windvard  side  of  the  ridge  and  on  the  level  of  ridge 
itself. 

Figs.  5-6  show  the  frequency  distributions  of  air  stream  directions  for  1,  2  and  3  days  before 
earthquake  (by  1938-1959  data)  in  autumn-winter  (fig.  5)  and  spring-summer  (fig.6).  180° 
denotes  South  direction  ,  360°  -  North  direction,  90°  -  East  one  and  270°  -  the  West. 

1  he  maxima  frequency  of  North  and  North-West  streams  appearing  are  sharply  distinguished 
both  for  warm  and  cold  seasons.  So,  the  earthquakes  are  happed  while  North  and  North-West 
air  streams  in  the  most  case.  These  streams  are  perpendecular  to  the  main  direction  of  ridge. 
They  cause  the  appearance  of  orographical  cloud  systems  which  consist  of  the  high  cumulus 
clouds  of  Ac  lenticularis  type. 

The  frequency  of  these  clouds  appearance  was  analysed  for  1,2  and  more  days  before  the 
earthquake,  (fig. 7). 

This  figure  shows  two  maxima:  the  first  -  1  day,  the 
second  -  2-3  days  before  earthquake.  Let  us  notice, 
that  the  behavior  of  Ac  lenticularis  type  clouds 
looks  like  quasi-stable  systems,  their  life  time  is  1  - 
7-10  hours.  Besides,  they  are  not  leave  with  the 
stream,  but  they  are  fixedto  the  certain  orography 
places. 

. — f  j  Fig. 2  shows  the  fault  zones  in  Crimea  region.  Some 

'm  *^°  ~s0  •40  ;-J0  •<*5"  h  fault  zones  are  parallel  to  the  mountain  ridge.  For 

example,the  fig.  8  illustrates  plane  location  of 
Fig.  7  orography  cloudiness  for  13  and  16  July  and  10 

August  1976.  The  plane  cloudiness  location  was  obtained  by  stereophotogrammetrica! 
shooting  (with  2%  precision)  during  field  works  (Bibikova  T.N.,  Zhyrba  E.V.,  the  chair  of 
physics  of  athmosphere,  MSU). 

It  is  evident,  that  cloud  lines  situate  along  the  fault  lines.  We  denote  that  the  effect  of  the 
number  of  condensation  kernels  increasing  caused  by  radiation  from  fault  zones  adds  to 
orographical  nature  of  wave-clouds.  Thus  the  orographical  effect  is  increasing  and  wave- 
clouds  system  is  increasing  too. 

So,  we  denote,  that  the  cloudiness  and  wind  direction  should  be  included  in  data  base 
for  earthquakes  prognoses  with  the  other  known  data. 
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The  specifical  orography  cloudiness  Ac  Lenticular  is  type  appears  under  definite 
meteorological  conditions  in  all  mountain  regions  of  the  world.  A  great  deal  of  theoretical  and 
experimental  works  have  found  out  that  if  air  stream  flows  to  mountain  ridge  with  angle  close 
to  90°  it  ought  to  cross  the  mountains,  The  quasi-stationary  wave  system  with  wave  length 


k 


appears  at  windy  side,  feis  wave  parameter,  defined  by  real  meteorological  parameters 

_!  Ig(r„-r ) 

k~zr~ — 

where  u  -  is  the  average  stream's  velocity,  g  -acceleration  of  gravity  force,  T  -  average 
stream's  temperature,  ya  and  y  -dry-adiabatic  and  real  gradients  of  temperature  in  the  crest  of 
wave.  The  wave  clouds  appear  under  corresponding  humidity. 

The  additional  centers  of  condensation  appear  because  of  a  great  deal  of  earth  cryst's 
faults  in  mountain  regions,  connected  with  degasation  and  injection  of  aerozoles  in 
atmosphere.  This  leads  to  the  appearance  of  additional  ascending  streams  in  atmosphere 
above  fault.  These  streams  begin  to  interact  with  appeared  wave  system.  Such  way  it  forms 
the  difficult  specific  orography  cloudiness,  which  can  considerably  differs  from  the  classical 
one. 

For  example  we  consider  the  earthquakes  in  Crimea,  which  appears  under  perpendicular 
to  the  ridge  North  and  North-West  streams.  The  fault  zones"  in  Crimea  coincide  with  the 
orientation  o:l  cloud  orography  slrapes.  f  ig.  8  shows  such  correspondense  for  definite  dates 
13  th  and  1 6  th  July .and  1 0th  August,  1976. 


Fig.  8.  AcLenticularis  cioudiness  in  Yalta  region,  (Crimea).  The  cloudes  arrage  in  stripes, 
which  are  parallel  to  mountain  ridge  along  the  fault's  line.  The  distance  between  the  stripes  of 
clouds  is  6  — •  8km. 


Fig.9.  The  film,  made  from  satellite,  is  presented.  In  the  left  corner  of  the  film  the  group  of 
cell  convection  cloudiness  of  closed  type  which  consists  of  large  cumulus  clouds  (Cucong)  is 
observed  above  Tiwan  stream  between  the  coasts  of  China  (in  Fuchzhou  district )  and  TiwaJi. 


The  convective  cloudiness  appears  in  ascending  streams  in  the  center  of  the  cell.  Its  size  about 
3  —  6km.  There  are  descending  streams  out  of  the  cell.  They  stipulate  the  intervals  (1.5-  3km 
sized)  of  the  cloudes  absence.  The  chain  of  arch  type  (  30  -  35km  length)  can  be  noticed  in  the 
area  of  cell  cloudiness  (  marked  by  a  square).  Two  arches  more  ( the  smaller  radius  and  about 
/ 0  km  length)  present  at  distance  of  6  —  8km  from,  the  main  arch.  Probably,  these  arches  are 
oriented  along  of  curcular  fault  structures. 

There  is  a  mountine  range  (  about  3km  high)  at  the  Eastern  coast  of  Ti-vvan  Island.  There 
are  Cumulus-pluvial  clouds  (Cb)  along  the  whole  mountine  range  at  Earsten  slope.  The 
gorizontal  size  of  some  clouds  is  from  5  to  10  km.  The  largest  Cumulus  clouds  are  above  the 
highest  peak. 

There  is  non-organised  Stratus  -Cumulus  cloudiness  at  the  West  part  of  the  Island  (  it  is 
more  low-lying).  To  the  right  from  the  island,  parallel  to  it,  above  the  Pacific  Ocean  we  can 
observe  the  group  of  cell  cloudiness,  which  overflow  to  solid  chain  of  large  cumulus  clouds  at 
4.0km  distance  from  the  coast. 

At  low  right  corner  of  the  film  we  can  see  4  chains  of  arch  type,  which  consist  of  cumulus 
clouds  20  —  3Qkm  length.  The  distance  between  the  arches  is  about  10  km.  Probably,  these 
organized  structures  of  cloudiness  are  related  to  deep  faults  or  oceanic  troughs. 
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I  leu  rpa.  ibHhiB  HayHHO-HccjieflOBaTejibCKHH  HHCTinyr  ManomocTpoeiiHa 


CaAOBHHiHH  B.,  AjieKcaiwpoB  B.,  3KyKOB  B.,  JIa3apeB  T.,  MaKCHMOB  B.,  <Dhbchckhh  K>. 

Mockobckhh  rocy/iapcTBemrbiH  yroiBepcHTeT  hm.  M.B.JIoMOHOcOBa 

Ha  FeorpacfwrecKOM  4)aKyAbxexe  MFY  pa3pa6oTaHa  opurHirajibHaa  MeroAHKa 
aBTOMaTH3HpOBaHHOro  aeTIIHcjjpHpOBaHHH  aapoKOCMHHeCKHX  CHHMKOB,  OCHOBaHHaa  Ha 
npnHUHnnajiBHo  hobom  MexaHH3Me  bbiabachma  coBoicynHocxH  pa3jinHHbix  xeppHxopnaAbHo 
pacnpeziejieHHbix  (cTpyKxypHpoBaHHbix)  xapaicxepHCTHK  oObcktob  reorpac^H'iecKOH  oOoaoxkh  3eM.au 
npn  orpaHHHeHHOM  o6x>eMe  hah  iiojihom  oTcyTCTBHH  /laHHhEX  pa3Bc;(OHHoro  GypeHHA  h  Apyrax 
noAeBbix  noncKOBbix  pa6oT. 

PaccMaTpuBaeMan  MeroAHKa  HcriojibayeT  paajiH'iHbie  npHHUHnbi  cHMXbiBaHHA  HHcftopMannH, 
co^epjKaLpeHca  Ha  aapoKocMH'iecKHx  H3o6pax<eHHHX  b  ckpbitom  BHAe,  c  paajiHHHbix  (no  cnoco6aM 
nojryqeHHB,  AHana3onaM  H3Aynemni  h  npocTpancTBeHHOMy  pa3pemeHHio)  MaTepHanoB 
AHCTamu(HOHHoro  30 1  r/iup OBa h h k . 

B  ^aHHOM  ci-ntepreTH'recKOM  nouxone,  b  KaaecTBe  oahoh  H3  cymecxBeinibix  cocxaba  hjoih  h  x 
Bbicxynaex  crpy  KTy  p  o m exp m  a  e  c  k  m  h  CHcxeMHbiH  aHa;iH3  KOjibncBbix  npnpoAHbix  o6pa30BaHHH  Maxoro 
pa3Mepa  (Ha  1-3  nopamca  MeHbine  H3BecxHbix  H3  reojiorHnecKHX  KiraccH^HKauHH).  Hcnojib30BaHHe 
3TOH  HI I(J)OpMaUHH ,  B  HaCXHOCXH,  n03B0JIHeX  C  BbICOKOH,  no  COBpeMeHHbIM  MepKaM,  XOHHOCTbfO 
onpenextHXb  raySnuy  33JieraHHH  KopeHHbix  nopo;i.  Flpn  HcnoAb30BaHHH  pa3pexeHHOH  cexn 
reojrorHxecKHX  ckbhxhh  b  Ka'iecxBC  onopbi  c  noMombio  oxoro  xe  MexoAa  moxho  onpe^ejiHTb 
AoiopcKHH  pejibec|)  (200-300  mah.act)  npaKXHHecKH  c  AexaAbHocxbio  coBpeMeHHOH  TonorpacjjnqecKOH 
Kapxbi,  Aocmra»  xoahocth  3-5%  ox  moluhocth  pbixnbix  otaoxchum. 

Hapwiy  co  cxpyKxypoMexpHHecKHM  hoaxoaom  b  MexoAHKe  KOMnbroxepnoro 
ACUIH(|)piEpOBaHHH  HCnOJIB3yeXCH  npHeM  BblABJieHHH  pe30HaHCHbIX  xacxox  OAeKXpOMarHHXHOXO 
H3JiycieHHA  reorpa<|)HHecKHX  o6x>eicxoB,  (J)HKCHpyeMoro  aopoicocMHxecKHMH  CHHMKaMH. 

06a  noAXOAa  no3BOAmox  no-noBOMy  oObncHHXb  anaxHTCjibHyK)  AH<|)ct»epeirnHauHro 
HHxceHepHO-reojiorHnecKHX  h  hhmx  cbohcxb  cxpoeHHH  3eMHon  Kopbi:  noAoxeHHe  3oh  ynAoxHeHHM  h 
paaynjioxHeHHH  ocaAOHHbix  reoAoraxecKHx  nopoA,  aanexen  ne^xn,  rasa  h  Apyrnx  nojieanbix 
HCKoriaeMbix,  npoHB/ieHHH  xaKHx  onacHbix  mbachhh  kbk  Kapcx  h  AP-  3xo  no3Bonaex  yxe  Ha  oxane 
npoeKTHbix  pa6ox  o6ochob3hho  BbiOnpaTb  Mecxa  33AoxeHHH  KOHxpoAbHo-pa3BeAOHHbix  h 
npoMbiuiAeHHbix  OypoBbix  ckbhxhh  Ha  ycjioBKHx  npHAHHermn  MKHHMaAbHoro  ymepSa  npnpoAHOH 
cpeAe.  CymecxBeHHO  BaxHO,  nxo  npHMeHeHHe  npeAAaraeMoii  mctoahkh  npeAonpeAeAaex 
coKpameHHe  cpoKOB  h  cxohmocxh  aoObith  noAe3Hbix  HCKonaeMbix  h  SKOAornnecKHx  opeHOK  3a  cxex 
He  Hcnojib3yeMOH  ao  chx  nop  HH^opMauKH,  3aKAiOMeHHOH  b  MaxepHaxax  cbcmok  3eMAH  npouiAbix 
.xex. 

34x])eKTHBHocTi>  npennaraeMOH  mcxoahkh  HAAiocxpHpyexcA  MHoroAHCJicnubiMH  npHMepaMH  ee 
npHMeHeHHA.  6a30Bbie  HccACAOBan hh  Ha  xeppnxopHH  CaxHHCKoro  noAHrona  F eorparfmAecKoro 
(J)aKyAbxexa  MrY  (KaAyxcKaa  o6a.),  sKOAornnecKHe  h c c a e a ob a h hh  Mockobckoi’o  pernoHa, 
cocxaBAeHHe  nporao3a  sajrexaiH  yrAeBOAopoAHoro  cbipbA  b  bocxohhom  Ka3axcxaHe  h 
KaAHHHHrpaACKOH  o6a.  rio  npocbOe  KOMnaHHH  "JlyKOHA"  aaa  OAHoro  H3  pa3BeAaHHbix 
MecxopoxAeHHH  no  MaxepHanaM  aopocbeMKH  6bmo  BbinoAHeHo  AexaAbHoe  ixapTo rpacjwpo Ban hc ,  He 
xoabko  noAXBepAHBuiee  yxe  oOnapyxeuMbie  3aAexH  hcc|)xh,  ho  h  no3BOAHBmee  BbmBHXb  HOBbie 
yxacxKH  h  ropH30HXbi  ee  3aAeraHHH. 

TaKHM  o6pa30M,  b  nacxHocxH,  aah  He(J)xera30HocHbix  xeppnxopHH  moxho  nporH03HpoBaxb 
MoiAHocxb,  nponcHTiioe  coAepxauHe  b  hhx  hcc^th  h  ra3a,  KanecxBeHHbie  h  KOAH'iecxBenHbre 
napaMexpbi  yrAeBOAopoAHoro  cbipbH. 

Pe3yABxaxBi  xanoro  aiiajiH3a  era  no  batch  He  xoAbKo  npomo3HbiMH  AanubiMH,  ho  h 
fopHAHAecKHM  o6ocHOBaHHeM  aBxopcKoro  npaBa  Ha  oxKpbiTHe  MecxopoxAeHHH. 

Pa3pa6oxaHHaA  MexoAHKa  no3BOAaex  npoBOAHXb  nay'iHBie  aH3AH3  h  nporH03  cbohcxb 
reorpa<J)HHecKOH  o6oaohkh,  b  xom  'ihcac:  liaAexen  noAe3Hbix  HCKonaeMbix  h  Apyrnx  oObcktob 
ieOAOTHHeCKOH  epeAbi;  OnpeAeAHXb  BCAKMHHy  H  COCXaB  reOXHMHHeCKOrO  3arpA3HCHHA  KOMnOHeHXOB 

AaHAUiacJjxa,  KOMnAeKCHo  oneHHBaxb  HanpnxeHHocxb  OKOAornnecKOH  oScxahobkh  h  AP- 


NEW  TECHNIQUE  FOR  SYSTEMS  ANALYSIS  OF  THE  SPACE  IMAGES  FOR 
ECOLOGICAL  ASSESSMENTS  AND  COMPLEX  ANALYSIS  OF  NATURAL 
DEPOSITS  AND  FORECAST  OF  NATURAL  RESOURCE  SIZES 

V.Utkin,  V.  Loukjaschenko,  G.  Raikunov,  A.  Volkov 

Central  Scientific-Resarch  Institute  for  Mashine  Building 
141070,  Pionerskaya  4,  Korolev,  Moscow  Region,  Russian  Federation 

V.Sadovnichiy,  V.Alexandrov,  V.Zhukov,  G.Lazarev,  V.Maximov,  Yu.Fivenskiy 
Lomonosov  Moscow  State  University,  119899,  Moscow,  Vorobyevy  Gory,  Russian  Federation 

1.  Abstract 

The  paper  is  devoted  to  a  complex  methodology  for  natural  deposits 
detection  and  estimations  of  natural  resources  on  the  basis  of  space  data, 
received  from  the  earth  remote  sensing  satellites.  A  technique  of  structural 
analysis  is  the  principle  tool  of  the  submitted  methodology.  The  steps, 
providing  detection  and  estimation  of  sizes  of  an  oil-and-gas  field  or 
some  other  deposit  have  been  described.  Examples  and  results  of  tests  of 
the  methodology  are  also  represented. 

2.  Introduction 

Proper  algorithms  and  programs  for  satellite  data  thematic  processing  is 
essential  for  a  correct  solution  of  the  earth  remote  sensing  tasks.  The 
processing  algorithm,  submitted  in  the  paper,  is  an  algorithm  of  structural 
analysis  of  multispectral  satellite  data  of  high  spatial  and  spectral 
resolution.  The  approach  has  been  designed  to  use  in  the  exploration  of  oil 
and  gas  fields  or  deposites  of  various  metal  ores,  etc. 

3.  Method  of  Structural  Analysis 

In  essence,  the  technique  consists  of  a  specialized  processing  of  the  data, 
hidden  in  satellite  imagery.  The  method  is  based  on  the  extraction  of 
annular  structures  in  a  satellite  image  and  a  subsequent  analysis  of  the 
density  function  and  sizes  of  those  structures  [1-2].  Then,  the  technique 
associates  each  annular  structure  with  the  depth  of  a  point  of  a  parent  rock 
bed  or  field  of  oil,  gas,  etc. 

The  synergetic  approach  is  based  on  a  structural  analysis  of  small-sized 
annular  formations  (in  some  1-3  orders  of  magnitude  less  than 
conventional  ones,  used  in  the  geology  classification).  The  accuracy  of  a 
deposition  detection  and  estimation  of  the  depth  profile  of  minerals  is 
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under  a  strong  effect  of  the  quality  and  number  of  the  extracted  annular 
structures.  On  the  basis  of  the  network  of  wide-spaced  bores  and  wells, 
the  method  provides  determination  of  the  relief  of  Jurassic  period  (200-300 
mill,  years)  in  detail  practically  of  a  modern  topographical  map  scale, 
achieving  the  percentage  error  of  3-5  %  of  the  thicknesss  of  loose 
deposits. 

Along  with  a  structural  analysis,  the  technique  of  a  computerised  decoding 
uses  a  method  of  detection  of  resonant  frequencies  of  a  geographical  object 
electromagnetic  radiation,  registered  in  a  space  image.  Both  of  the  methods 
open  a  new  way  to  explain  a  significant  differentiation  of  geological  and 
other  properties  of  the  Earth  crust  structure,  namely:  location  of 
condensation  and  decondensation  zones  of  geological  rocks;  fields  of  oil, 
gas  and  deposits  of  other  minerals;  show  of  such  dangerous  appearances  as 
karst  phenomenon,  etc.  Just  at  the  design  stage  activities,  the  fechnique 
provides  selection  of  the  sites  for  exploratory  and  industrial  wells  and 
bores  under  condition  of  minimum  damage  to  the  natural  environment. 

Preliminary  approbations  of  the  method  have  shown  that  the  quality  and 
number  of  annular  structures  depend  essentially  on  both  the  spatial 
resolution  and  number  of  spectral  channels  and  bands,  used  for  the  satellite 
data  analysis.  The  higher  spatial  and  spectral  resolution  provides  detection 
of  thinner  structures,  and  consequently,  increases  both  the  quality  and 
reliability  of  a  forecast. 

The  technique  is  a  unique  one  since,  on  the  one  hand,  there  is  no  any  world 
analogue,  and  on  the  other  hand,  its  cost  efficiency  is  higher  in  some 
orders  than  that  of  the  current  methods,  using  gravitational,  seismic  and 
magnetic  exploration,  and  also  exploration  drilling.  Thus,  just  a  special 
proccessing  of  satellite  images  of  potential  oil-and-gas  field  areas  (with  no 
in-the-field  prospecting  and  related  expenses  !)  provides  a  customer  with 
the  data  on  sizes  and  depth  of  a  deposition,  and  even  forecast  estimations 
of  sites  of  industrial  bore-wells.  The  submitted  method  of  detection  of  oil- 
and-gas  fields  and  beddings  of  other  minerals  is  a  good  cost-efficient 
alternative  to  the  ground  methods,  based  on  geological  survey.  E.g.,  a 
conventional  exploration  of  the  area  of  25  sq.  km  requires  up  to  30 
exploration  drills  of  a  total  cost  from  US$  50.0  mill,  to  US$  60.0  mill, 
while  the  cost  of  exploration  of  the  same  area  with  the  submitted  method  is 
lower  in  one  -  two  orders  of  magnitude. 
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Along  with  the  revealing  of  natural  deposits,  the  technique  of  satellite  data 
processing  provides:  determination  of  such  important  parameters  as  sizes 
of  natural  reserves;  the  depth  of  an  oil-and-gas  bedding  for  pays  and  lean 
stratums,  and  also  for  layers  with  oil-and-gas  show.  For  oil-and-gas- 
bearing  strata,  estimations  of  the  stratum  thickness  (depth  of  stratum), 
concentrations  of  oil  and  gas,  some  other  qualitative  and  quantative 
parameters  of  a  hydrocarbon  raw  are  also  available. 

As  an  end  result  of  the  technique  application,  a  customer  gets 
recommendations  on  the  sites  of  laying  the  oil  and  gas  wells,  information 
on  the  drilling  conditions  along  the  vertical  profile,  depth  of  oil-and-gas 
bearing  beds,  mining  and  geological  conditions. 

4.  Estimations  of  Undiscovered  Resources  of  Hydrocarbon  Raw 

An  estimation  of  undiscovered  resources  of  hydrocarbon  raw  is  realized  in 
three  steps.  Each  of  the  step  differs  from  others,  having  a  different  level  of 
both  detailedness  of  the  initial  space  information,  and,  hence,  detailedness 
of  the  resulting  estimations. 

On  the  preliminary  stage  of  research,  the  reference  space  data  of  1 :  200000 

-  1:  1000000  scale  (MSU-SK  instrument,  “RESURS-O”  satellite  [3-5])  is 
used.  The  data  prosessing  results  in: 

•  estimation  total  productivity  of  oil  resources  for  a  specified  territory  with 
a  preliminary  estimation  of  oil  reserves  (mill,  ton),  gas  (bill. cu.m.),  gas 
condensate  (mill,  ton); 

•  pre-forecast  (first-step  iteration)  of  the  potential  area  of  fields,  containing 
hydrocarbon  raw,  with  estimations  of: 

-  sizes  of  oil,  gas  and  condensed  gas  deposits  (mill,  ton;  bill.cu.m.); 

-  depths  (relative  and  absolute  values)  of  productive  strata  (m); 

-  thickness  of  strata(m); 

-  concentration  of  hydrocarbons  per  stratum  (%). 

At  licencing  activity  of  plots,  the  reference  space  data  of  1:50000  - 
1:  1000000  scale  (MSU-E  instrument,  “RESURS-O”  [3-5])  is  processed. 
As  a  result,  the  following  information  is  available: 

•  forecast  (second  iteration)  of  potential  structures,  containing 
hydrocarbon  raws,  with  estimated: 

-  boundaries  of  potential  pays  (commercial  deposits); 

-  volumes  of  oil,  gas  and  condensed  gas  deposits  (mill,  ton;  bill.cu.m.); 
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-  depths  (relative  and  absolute  values)  of  productive  stratum  roofs  (m); 

-  thickness  of  strata(m); 

-  concentration  of  hydrocarbons  per  stratum  (%); 

-  quality  properties  of  hydrocarbon  raws  (density,  content  of  sulfur, 
paraffins,  etc.). 

To  ensure  drilling  operations,  at  the  preparation  activity  phase  the 
reference  data  of  1:  5000  -  1:  10000  scale  (MK-4,  KFA-1000  instruments, 
“RESURS-F”  [6,  7])  must  be  processed.  The  activities  will  result  in: 

•  forecast  (third  iteration)  of  potential  structures,  containing  hydrocarbon 
raws,  with  estimated: 

-  precise  boundaries  of  potential  pays  (for  each  productive  stratum); 

-  volumes  of  oil,  gas  and  condensed  gas  deposits  (mill,  ton;  bill.cu.m.)  - 
total  and  for  each  productive  stratum; 

-  depths  (relative  and  absolute  values)  of  productive  stratum  roofs  (m); 

-  thickness  of  each  stratum  (m); 

-  the  concentration  of  hydrocarbon  for  each  stratum  (%); 

-  quality  properties  of  hydrocarbon  raws  (density,  content  of  sulfur, 
paraffins,  etc.)  for  each  stratum  and  a  specified  unit  of  explored  structures; 

•  recommendations  on  the  arrangement  of  drill  holes  with  taking  into 
account  the  above  estimations  and  a  forecast  on  environment  and  on-site 
geophysical  conditions  (including  effect  of  fractures  and  geo-nosogenic 
structures,  occurence  of  local  seismicity  regions,  geochemical  anomalies 
etc.) 

5.  Validation  of  the  Technique  for  Oil,  Gas  and  Minerals  Exploration 

The  efficiency  of  the  proposed  technique  was  validated  with  the  results  of 
a  pilot  ground  survey  of  a  territory  within  the  Satinsk  range  (Kaluga  oblast, 
Russia)  of  Geographical  faculty  of  Lomonosov  MGU  Kaluga  oblast, 
Russia)  (fig.  1).  At  present,  -it  should  be  emphasized  as  an  advantage  of 
the  technique-  it  is  already  essentially  developed  and  has  passed  a  serious 
tests  during  the  imagery  analysis  executed  for  a  number  of  regions  in 
Russia  (Kaliningrad  Oblast,  fig.  2-3,  table  1-2),  east  Kazakhstan  and 
Canada.  Such  a  domestic  oil  giant  as  LookOil  company  has  shown  her 
interest  to  the  technique.  By  order  of  that  company  a  detail  mapping  was 
carried  out  for  the  company's  territories  that  confirmed  the  deposits,  found 
out  early,  and  revealed  new  beddings  and  flat-lying  stratums  of  oil. 


V.Utkin,  V.  Loukjaschcnko,  G.  Raikunov,  A.  Volkov 

V.Sadovnichiy,  V. Alexandrov,  V.Zhukov,  G. Lazarev,  V.Maximov,  Yu.Fivenskiy 


©  -  wells 

^  -  steeps  and  abruption 


500  m 


Results  of  the  relief  mapping  of  parent  materials,  a  territory  within  the  Satinsk  range  (Kaluga  oblast, 
Russia)  of  Geographical  faculty  of  Lomonosov  MGU  on  the  basis  of  a  picture  of  annular  structures: 
a  -  current  relief  in  the  topographic  map  of  1 : 10  000  scale; 

6  -  parrent  relief  in  the  topographic  map  of  1:25  000  scale,  resulted  from  drilling  data; 
b  -  parrent  relief,  designed  by  Yu. I.  Fivenskiy  under  the  annular  structures. 

Fig.  1 


V. Utkin,  V.  Loukjaschenko,  G.  Raikunov,  A.  Volkov 

V.Sadovnichiy,  V.Alexandrov,  V.Zhukov,  G.Lazarev,  V.Maximov,  Yu.Fivcnskiy 


Scale  1:100  000  Density  of  hydrocarbon  raw  (t  +  K  cu.m,  per  sq.m.) 

L  I  x  L  -±  J  oof'oof  0.03  0.05  0  06  0.07  0.06  0.09  0.10  0.11  0.12 

©  3-13  sites,  recommended  for  wells  (if  13  wells  -  53.7%  recovery  of 
deposits).  E  and  B  are  the  top-priority  sites,  recommended  for  wells 

Fig.  2 


Fig.  3 
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Table  1.  Complexity  Level  of  Drilling  (%,  site  E) 


92 

1  -  gas  sheet  (3  cm) 

91 

2  -  gas  sheet  (5  cm) 

90 

3  -  gas  sheet  (5  cm) 

89 

1H  -  non-commercial  oil(  10-12  cm) 

91 

2H  -  non-commercial  oil  (10-11  cm) 

90 

3H  -  non-commercial  oil  (10-23  cm)  311  -  commercial  oil  (25-45  cm) 

89 

4H  -  non-commercial  oil  (4-23  cm  )  411  -  commercial  oil  (25-71  cm  ) 

93 

5H  -  non-commercial  oil  (5-23  cm  )  511  -  commercial  oil  (25-61  cm  ) 

90 

6H  -  non-commercial  oil  (20-23  cm)  611  -  commercial  oil  (25-63  cm) 

91 

7H  -  non-commercial  oil  (23  cm  )  711  -  commercial  oil  (25-51  cm) 

90 

8H  -  non-commercial  oil  (24  cm  )  811  -  commercial  oil  (25-55  cm) 

93 

9H  -  non-commercial  oil  (23  cm  )  911  -  commercial  oil  (25-44  cm) 

95 

4  -  oil  sheet  (5  cm) 

96 

5  -  oil  sheet  (4  cm) 

99 

10K  -  non-commercial  gas  condensate  (9  cm) 

100 

|  1  HI-  commercial  oil  (24-55  cm) 

102 

12IT-  commercial  oil  (26-60  cm) 

105 

1311-  commercial  oil  (27-49  cm) 

109 

14n  -  commercial  oil  (26-50  cm) 

110 

6  -  gas  sheet  (3  cm) 

112 

7  -  gas  sheet  (4  cm) 

114 

15H-  non-commercial  oil  (1 1  cm) 

115 

16H  -  non-commercial  oil  (10-22cm  )  16FI  -  commercial  oil  (25-42cm) 

117 

17H  -  non-commercial  oil  (12  cm) 

119 

18H-  non-commercial  oil  (13  cm) 

120 

19H  -  non-commercial  oil  (12  cm) 

118 

20H  -  non-commercial  oil  (1 1  cm) 

120 

21H-  non-commercial  oil  (19-20  cm) 

121 

22H  -  non-commercial  oil  (20-22cm)  2211  -  commercial  oil  (25-49  cm) 

119 

23H-  non-commercial  oil  (20-23  cm)  2311  -  commercial  oil  (25-  cm) 

1 00  %  loam  coating 


Total  deposit  -  714  Kton 
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Table  2. 


Sheet 

Abs.  mark 

Thickness 

Oil,  % 

Dens,  of 

Sulfur,  % 

Oil  viscsity, 

# 

of  roof 
(estim.) 

of  sheet, 
cm 

| 

(per  sheet) 

oil 

MPa 

Point  E 


_3_ 

_4-_ 

_5_ 

_6_ 

_7_ 

_8_ 

_9_ 

n_ 

j_2 

_13 

11 

Jt6 

22 

23 


-48 

-81 

-125 

-50 

-173 

-199 

-338 

-555 

-715 

-807 

-896 

-1117 

-1287 

-1313 


45 

68 

11 

5J_ 

48 

5j_ 

42 

48 

56 

47 

44 

40 

47 

33 


17 


0,69 


30 


0,51 


29 


0,61 


21 


0,62 


27 


0,60 


31 


0,59 


33 


0,59 


29 


0,54 


30 


0,57 


25 


0,58 


29 


0,58 


27 


0,54 


27 


0,57 


24 


0,60 


0,009 

0,06 

0,02 

0,006 

0,03 

0,03 

0,01 

0,03 

0,04 

0,05 

0,02 

0,02 

0,01 

0,01 


L3 

u 

M 

U 

U 

u 

u 

u 

u 

u 

u 

TO 

U 

1,1 


Point  B 


3 

-37 

45 

18 

0,68 

0,007 

1,3 

4 

-66 

71 

32 

IBI 

1,3 

5 

-117 

54 

30 

■Mil 

1,4 

6 

-136 

55 

22 

0,67 

0,004 

1,3 

7 

Eiifl 

50 

28 

0,63 

0,02 

1,1 

8 

i 

53 

31 

■taydi 

0,02 

U 

9 

-258 

— 

37 

mm 

0,009 

1,1 

11 

-388 

30 

EBB 

0,02 

u 

12 

Ega 

58 

33 

0,58 

0,03 

1,1 

13 

ii 

48 

25 

0,55 

■mi 

1,1 

14 

46 

keh 

0,55 

mSESSM 

1,1 

mm 

42 

mm 

0,55 

0,01 

1,0 

mm 

-1154 

48 

29 

0,55 

0,01 

1,1 
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So,  there  are  potential  customers  for  space  prospecting  information, 
acquired  by  specialized  facilities  and  properly  processed.  The  submitted 
technique  for  structural  analysis  is  a  validated  tool  that  is  available  to  meet 
the  market  requirements. 


6.  Onboard  Spectrometric  System  for  Prospecting 

So  far,  the  said  technique  was  tested  mainly  on  the  aero-survey  data. 
However,  the  technique  will  provide  higher  cost  efficiency  if  it  uses  space 
information  of  earth  remote  sensing  systems.  The  higher  spatial  and 
spectral  resolution  of  satellite  imagery  is,  the  more  sophisticated  structure 
analysis  of  beddings  and,  hence,  the  more  accurate  forecast  and 
estimations  of  natural  resources  will  be  available  under  the  technique. 
Being  based  on  the  space  survey  data  only,  the  approach  will  give  an 
opportunity  to  solve  the  economic  problems  mentioned  above  (in 
particular,  exploration  and  estimation  of  the  sizes  of  oil-and-gas  fields  and 
other  mineral  deposits),  with  no  expensive  and  inefficient  gound-based 
prospecting  operations. 

Since  1998,  within  the  framework  of  the  Russia  Rederal  Space  Program, 
activities  on  development  of  an  onboard  spectrometric  system  for 
prospecting  have  being  carried  out. 

Currently,  preliminary  requirements  of  the  processing  algorithm  to  an 
onboard  facility,  designed  to  use  for  testing  of  methods  of  the  structural 
analysis,  have  been  specified: 


spectral  range,  pm .  0,2-12,0 

spectral  resolution,  in  the  range: 

0,2... 0,9  pm,  nm .  1_5 

0,9...  2,5  pm  ,  nm . . .  6 

2.5.. .  5,5  pm,  nm .  40 

5. 5.. .  12,0  pm,  nm .  60 

-  angular  resolution: 

multispectral  survey,  range  0,2- 12,0pm .  <  20" 

panchromatic  survey  . . . . .  <  5" 

-  field  of  view  width: 

multispectral  survey  .  3° 
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panchromatic  survey . 1° 

range  of  observation  angles  (optical  axis  from  nadir) 

along  spacecraft  trajectory .  ±30° 

across  spacecraft  trajectory .  ±30° 


Development  tests  of  the  onboard  spectrometric  system  for  prospecting  is 
planned  to  execute  on  board  the  international  space  station  (ISS). 

7.  Conclusion 


The  submitted  method  of  a  structural  analysis  for  prosessing  satellite  data 
provides  the  detection  of  natural  deposits,  and  also  estimations  of  sizes  of 
natural  resources,  depth  of  oil-and-gas  bedding  for  both  pays  and  thin 
seams,  quality  properties,  etc. 

The  end  result  of  the  technique  application  is  a  series  of  recommendations 
with  respect  to  the  sites  of  laying  the  oil  and  gas  wells,  information  on  the 
drilling  conditions  along  the  vertical  profile,  depth  of  oil-and-gas  bearing 
beds,  mining  and  geological  conditions.  The  efficiency  of  the  technique  is 
validated  with  the  results  of  a  pilot  ground  survey  of  a  territory  within  the 
Satinsk  range.  The  technique  has  been  already  essentially  developed  and 
has  passed  a  serious  tests  during  the  imagery  analysis  executed  for  regions 
in  Russia,  east  Kazakhstan  and  Canada. 

Being  based  on  the  space  survey  data  only,  the  approach  gives  an 
opportunity  to  solve  the  economic  problems  (namely,  exploration  and 
estimation  of  oil-and-gas  fields  and  other  mineral  deposits),  with  no 
expensive  and  inefficient  gound-based  prospecting  operations. 

Since  1998,  within  the  framework  of  the  Russia  Rederal  Space  Program, 
activities  on  development  of  an  onboard  spectrometric  system  for 
prospecting  have  being  carried  out.  Currently,  preliminary  requirements  of 
the  processing  algorithm  to  an  onboard  facility,  designed  to  use  for  testing 
of  methods  of  the  structural  analysis,  have  been  specified. 
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KoimenuHH  MeTeopojiorHHecKOH  CHCTCMbi  Ha  6a3e  iwajibix  kocmh’icckhx  annapaTOB 


A.CejiHBaHOB,  B.  PorajibCKHH 

PHHH  Kn 

1 1 1250,  MocKBa,  ABnaMOTOpHaa  yji.,  53 
Oaxc:  (095)  273  5943 
A.Bojikob 
HHIJ,  HriP 

141700,  r.  /(ojironpyAHbiil,  MocxoBCKaa  o6jiacTb,  yji.  riepBOMailcKaa,  7 

Oaxc:  (095)  483  3374 

Bojibuiaa  npoTSDKSHHocTb  Pocchhckoh  <DeAepaunn  c  BOCTOKa  Ha  3anaA  h 
HajiHHHe  npHnojiapHbix  TeppHTOpnil  AenaiOT  HH3KOOp6nTanbHbie  KOCMHnecKHe 
CHCTeMbi  HaH6ojiee  3cj)4)eKTMBHbiMH  HCTOHHHKaMH  m  eTeopoxi  orHHecKoil 
HH^OpMaUHH. 

B  AOKJiaAe  oScyxAaeTca  B03MO>KHOCTb  co3AaHHa  wa  6a3e  Majibix 
kocmhmsckhx  annapaTOB  (  MKA  )  QTenecTBeHHOH  MeTeopojiorniiecKon  CHCTeMbi, 
o6ecnenHBaK)LneH  nocTynneHHe  AOCTaTOMHoro  o6be\ia  HHtj)opMauHH  npn 
Hcnojib30BaHHH  MHHHMaubHo  Heo6xoAHMoro  Ha6opa  AaTHHKOB:  cKaHHpyiomero 
paAHOMeTpa  bmahmoto  m  HK-Anana30H0B,  CB^I-paAHOMeTpa  h  HK- 
30HAnpoBiAHKa.  OrpaHHneHHe  30Hbi  HaSniOAeHHa  TeppHTOpneH  Pocchh  h 
npHJieraiOLUHX  rocyAapcTB  Taioxe  no3BOJiaeT  ynpocTHTb  Tpe6oBaHna  k  6optoboh 
annapaType,  yMeHbiiiHTb  ee  Maccy  h  cpeAHeBHTKOBoe  noTpeSneHne. 

noKa3ana  B03MOX<HOCTb  co3AaHna  npn  HcnoAb30BaHHH  coBpeMeHHbix 
T6XHHHCCKHX  pemeHHH,  MHHHMH3HpyK)LUHX  MaccoraSapHTHbie  xapamepHCTHKH. 
SopTOBoro  HH4)opMauKOHHoro  KOMnneKca  MeTeopo-nornnecKOH  CHCTeMbi  (EHK- 
MC),  BKJHonaiomero  AaTHHKOByio  annapaTypy  h  cHCTeiwy  c6opa  h  nepeAann 
AaHHbix,  KOTopbiM  MoxceT  6biTb  ycTaHOBJieH  Ha  KOCMHnecKHX  annapaTax  Manoro 
KJiacca. 

no  CBOHM  HH(f)OpMaUHOHHbIM  XapaKTepHCTHKaM  BHK-MC  COBMeCTHM  c 
HMeioiAHMHCH  b  HacToamee  BpeMa  HaaeMHbIMH  HH(|)pacTpyKTypaMH 
MereopoAorHHecKHX  cjiyx<6,  a  na3eMHbiH  KOMnnexc  ynpaBJieHHa  kocmhhcckoh 
rpynnHpoBKofi,  BbinoAHeHHbiil  no  OAHonyHKTOBofi  cxeMe,  MoaceT  6biTb  pa3MemeH 
Ha  oahom  H3  npneMHbix  nyHKTOB,  hto  cymecTBeHHO  yMeHbuiHT  3aTpaTbi  Ha  ero 
3KcnayaTauHio. 

Oahhm  H3  nyTen  o6ecneHeHna  cymecTBOBaHHa  poccHHCKoil  HauHOHaabHOH 
KOCMHHeCKOH  CHCTeMbi  B  yCAOBHaX  OrpaHHMeHHOTO  <})HHaHCHpOBaHHH  MO)KeT 
aBJiaTbCH  nepexoA  k  ripeAnaraeMOH  KOHuenuHH  ncnojib30BaHHa  Maitbix 
KOCMHnecKHX  annapaTOB. 
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The  large  extent  of  Russian  Federation  from  east  to  west  and  presence  of 
polar  territories  do  loworbital  space  systems  the  most  effective  sources  of  the 
meteorological  information. 

An  opportunity  of  creation  of  national  meteorological  system  on  the  small 
space  crufts  (  SSC  )  basis,  ensuring  receipt  of  sufficient  volume  of  the  information 
by  use  of  a  minimum  &  necessary  set  of  devices  such  as:  visible  and  IR  scanning 
radiometer,  microwaveradiometer  and  IR-sounder,  is  discussed  in  the  report. 
Restriction  of  a  zone  of  supervision  by  territory  of  Russia  and  nearest  countreis 
also  allows  to  simplify  the  requirements  to  the  onboard  equipment,  to  reduce  its 
weight  and  average  electricpower  consumption. 

Opportunity  of  creation  by  use  of  the  modern  technical  decisions  of 
meteorological  system  onboard  information  complex  (  BIC-MS  ),  including 
sensors  and  data  transmission  system,  which  can  be  placed  on  a  small  class  space 
crufts  is  shown. 

The  BIC-MS  information  characteristics  are  compatible  with  available  at 
the  moment  ground  infrastructures  of  meteorological  services,  and  the  ground 
space  crufts  control  complex,  carried  out  in  the  one  station  variant,  can  be  placed 
on  one  of  reception  stations,  that  will  reduce  the  operation  expenses. 

One  of  ways  of  maintenance  of  existence  of  Russian  national  space  system 
in  conditions  of  limited  financing  can  be  transition  to  the  offered  concept  of  use  of 
small  space  crufts. 


IlepcneKTHBbi  pa  jBHinsi  KQCiviH'iecKOH  cHCTeMbi  KOCITAC  npw 
Hcnojib30BBHHH  MaJibix  KOCMii'iecKiix  arinapaxoB 
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B  AOKJiaae  paccMOxpeHbi  ocHOBHbie  HanpaBJieHHa  pa3BHTHa  xocMHnecxoro 
h  Ha3eMHoro  cerMeHTOB  CHCTeMbi  KOC11AC  b  cneAyroiueM  xbicaHejiexHH. 

ripeAn ojt araeica ,  hto  nocne  2005  r.  xocMHnecxaa  cucxeMa  KOCF1AC  He 
6yAeT  Hcnojib30BaTb  aBapMHHbie  paAHo6yH  CTaporo  npon3BOACXBa  (APB- 121). 

OCHOBHbIM  HCXOHHHXOM  aBapHMHOH  HH(|)OpMaUHH  B  CHCTeMe  6yAyX  CJiyXCHXb 

aBapHHHbie  paAHoGyn,  paSoxaiomue  Ha  nacxoxe  406  Mru. 

HcKJiiOHeHHe  H3  cocxaBa  CHCTeMbi  APB- 121  no3BOJiaex  cymecxBeHHO 
coKpaTHTb  Maccy  h  noxpeSjieHHe  6opxoBofl  annapaxypbi  h  Ha3eMHbix  cxaHUHH 
npneMa  h  o6pa6oxKH  HH^opMaunn.  KocMnnecxHii  cerMeHx  npeAnojiaraexca 
pa3MecxHXb  Ha  cneuHajiH3HpoBaHHbix  Majibix  xocMHuecxnx  annapaxax: 
3anycKaeMbix  c  noMombio  paKexbi-HOCHxena  “Cxapx-1”.  3xo  no3BOJiHX  CHH3HXb 
exoHMoexb  KocMHnecKoro  cerMeHxa  cncxeMbi  h  oSecneHHXb  yexoHHHBoexb 
op6HxajibHO0  rpynnHpOBKH  cncxeMbi,  x.k.  3anycx  onepeAHoro  HC3  6yAex 
AHKXoBaxbca  xonbKO  noxpeSHoexaMH  cncxeMbi  KOC11AC. 

Tpexbe  HanpaBJieHHe  pa3BHxna  CHexeMbi  CBa3aHO  c  oxica30M  ox 
cneuHaAbHbix  KOMaHAHonporpaMMHbix  xoMnnexcoB  A-na  ynpaBJieHHa  MaAbiMH 
KOCMHHecKHMH  annapaxaMH. 

B  AOKJiaAe  paccMaxpHBaexca  B03MOXHOcxb  BbinoAHeHHa  eAKHbiM 
paAHOKOMnjieKcoM  xax  (JiyHXUHH  6opxoBoro  paAHOKOMnjieKca  cncxeMbi 
KOCFLAC,  xax  h  4>yHKUHH  6opxoBoro  paAHoxoMnnexca  xomuhaho- 
xeneMexpHqecKOH  cncxeMbi.  Macca  nepcneKXHBHoro  eAHHoro  6opxoBoro 
KOMnneKca  b  AyGunpoBaHHOM  BapHauxe  He  npeBbiuiaex  15  xT. 

IlepcneKXHBHaa  Ha3eMHaa  cxaHUHa  npHeMa  h  o6pa6oxKH  aBapnnHbix 
coo6meHHH  npeAcxaBJiaex  co6oh  xpaHcnopxaSejibHbiH  KOMnjieKC,  cocxoamHH  H3 
HanpaBJieHHOH  noBopoxHon  aHxeHHbi  c  MIIIY  h  CMecHxejreM  h  nepcoHajibHbin 
3BM  c  BexpoeHHbiMH  b  Hee  njiaxaMH  un^pOBOH  o6pa6oxxn  cnrHajiOB.  Macca 
Ha3eMHOH  cxaHUHH  cocxaBAaex  10  xF. 

Majibifi  KocMHuecKHH  annapax  HMeex  xpexocHyio  opueHxauHio  c 
xoMHoexbK)  He  xyxce  1°,  ero  Macca  He  npeBbiuiaex  200  kF,  h3  Koxopbix  140  xr 
cocxaBJiaex  xocMHnecxHH  annapax  co  cjiy>Ke6HbiMH  cncxeMaMH,  a  60  xr 
npeAHa3Hanaexca  rjvi  nonesnon  Harpy3XH. 

PaccMaxpHBaeMaa  b  AoxnaAe  cncxeMa  MO>xex  cxaxb  ochoboh  ajih  cncxeMbi 
KOCFLAC-CAPCAT  Bxoporo  noxoneHna. 
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Main  directions  of  COSPAS  system  in  the  next  evolution  millenium  are 
developed.  After  2005  year  COSPAS  space  system  will  use  only  ELT-406. 

Exclusion  of  ELT-121  gives  us  possibility  to  reduce  the  onboard  and 
ground  radioequipment  weight. 

It  plans  that  the  perspective  space  segment  will  use  a  special  small 
spacecraft  with  three  axis  orientation  (<1°).  New  small  spacecraft  will  have  a  total 
weight  not  more  than  200  kg  (the  payload  weight  ~60  kg).  On  the  nearpolar 
sunsynchronise  orbite  it  will  be  launched  by  a  launcher  type  “Start- 1”. 

A  cost  for  a  spacecraft  is  less,  than  a  cost  of  the  launcher  “Ciclon”,  used 

today. 

Common  onboard  radioequipment  is  used  for  COSPAS  system  and  for 
engineering  systems  (telecommand  and  telecontrol).  A  weight  of  common  onboard 
equipment  is  not  more  than  15  kg. 

The  future  local  user  terminal  consists  of  a  small  directional  antenna  and 
PC  with  two  plates  for  digital  signal  processing.  The  weight  of  new  local  user 
terminal  is  about  10  kg. 
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B  HacToameH  pa6oxe  onncbiBaeTCH  npoeKT  co3£aH hh  Majroro  cnyTHHKa  jxjih 
MOHHTopHHra  paflHOMeTonaMH  aTMoc(J)epbi  h  MonoccjiepLi,  HHTerpHpyeMoro  b 
nepcneKTHBHyio  McxavnapoaHyio  kocmh'icckyio  cucTeiviy  sKoaorHuecKoro 
Kompoaa  oKpyxaiomeH  cpeflbi. 


X.  3anaiiH  pewaeMbie  b  paMKax  npoeKia. 

IlpoeKT  HanpaBJieH  Ha  pemeHHe  AByx  raaBHbix  3aaaii: 

A.OcyinecTBJieuHe  raoSaibHoro  KOHipoJifi  coctojihhji  axMoc(J)cpbi 
Win  Hyxa  npaKTHraecKoii  MexeopoaoniH  h  4>h3hkh  axMoctpepbi. 

OnpcflcJicHHc  BHcoTHbix  npo4>n;ieH  aaaneHHB,  TeMnepaTypbi  h 
anajKHOCTH  b  xponoctpepe  c  TOHHOCTbio  h  pa3pemeHneM  no  bucotc, 
CpaBHHMbIMH  C  TOMHOCTbK)  H  pa3peLUeHHeM  TpaflHUHOHHblX 
MeTeopoaorHHecKHX  H3Mepemifi. 

OSecneneHHe  rjio6ajibHoro  KourpojM  h  noayaeHHe  MaccoBbix 
aaHHbix  o  MeTeonapaMeTpax  Has  MwpoBbiM  oKeaHOM  h  BbicoKouiHpoTHbiMH 
o6jiacTHMH  (ApKTHKa  h  AHTapKTHKa)  co  3HaMHTCjibHO  6oJibiueii 
IlpOCTpaHCTBeHHOH  nilOTHOCTbK),  HeM  3X0  B03MO5KHO  B  HaCTOHlliec  BpeMJI. 
BbicoKaa  iuioTHOCTb  npotjnuieft  MeTeonapaMeTpoB  no  3eMHOMy  mapy 
n03BOJBieT  nOBbICHTb  TOMHOCTb  nporH03a  noroflbl  npH  BKJII03CHHH  3XHX 
flaHHbix  b  nnoOajibHbie  Mexeopojiorn’iccKHe  cncxeMbi. 

H3yneHne  npocxpaHCTBCHHO-BpeMCHnoH  hsmchhhbocth  axMoctpepbi 
h  ee  ce30HHbtx  BapnauHH. 

BbIHBJieHHe  npK3H3KOB  3KOJIOrHHeCKH  3HaHHMbIX  M3MCHeHHW 
COCTOHHHH  aTMOCfjiepbl. 

rTojiyienne  /wHHbix  o  bo.hhoboh  aKXHBHocxn  (rpaBHxaunoHHbie 
bojihm)  b  axMOC<}>epe. 

Hiyxeunc  bjihhhhh  Ha  axMoctpepy  ByjncaHHHecKHX  h3bcp>kchmh  h 
HHXeHCHBHbIX  aHTpOnoreHHbIX  B03/ICHCTBHH. 


B.OcymecTBueHHe 
naoSajibHoro  kohxpojm 
C0CX05IHH5I  HOHOCCjjepbl  JP15I 
HyXCfl  rC0cj)H3HKH  H  (j)H3HKH 
BcpxHCH  axMOC<pepbi: 

Ha6jitOfleHHH 
KpynHOMacuiTa6Hbix 
BapHapHK  OJleKTpOHHOH 
KOHljeHTpaUHH  B 

HOHOc<pepe  Ha  BbicoTax  ot 
80  flo  300  km  h  H3yMenne 

HX  CB5I3H  C  COJIHe’IHOH 
aKTHBHOCTblO  H  C  COCTOfl- 
HHeM  aTMOCtpepbl. 

M3y>ieHne  tohkoh 
BepTHKajIbHOH  CTpyKTypbl 
HHxaien  Honoc<l>epbi  b 
pa3Hbix  pafioHax  h  cbb3H  ee 
H3MeHennfi  c  npnpoaHbrMH 
npoueccaMH  (3eMJiexpace- 
hhb,  H3BepxeHH5i  eyiiKa- 
hob)  h  aHxponoreHHbiMH 
B03fleHCXBH5IMH. 


ripoexx  coAepxcnx  xaxxce  BcnoMoraxejibHbie  3a/ui3n: 

OnpeaejicHne  axMoc^cpiibix  xapaKTcpncxHK  no  mxmchchhjim  napaMexpoB  cnrHajia,  oxpaxeHHoro 
3eMHoft  ixoBepxHocxbK).  OnpcaeacHHe  ,a.Byxiio3HUMOHHbix  xapaKxepwcxHK  pacceanna  pa/iHOBOitH  pa3HbiMH 
({jopMaMH  3eMHoii  noBepxHocxH.  Mccjic/iocaiiHe  sbojiioluih  nojiapnoit  opoHTLi  Majioro  cnyxHHKa. 


OCHOBHaa  HACfl  npoeKTa  COCTOHT  B  HCTTOJIb30BaHHH  6opTOBOH 
HaBHramioHHOH  paAHOTexHHHecKOH  annapaiypbi  Majioro  cnyTHHKa  ajih 
UHCTaHHHOHHOrO  30HAHpOBaHHH  aTMOCC^epbl,  HOHOCCjsepbl,  nOBepXHOCTH  H 
H3yneHHa  3bojhou;hh  ero  nonnpHon  opdHTbi.  JSjm  aioro  Ha  ManoM  cnyTHHKe  (MC) 
pacnojiaraeTca  MHoroKaHajibHbiH  npneMHHK  CHraajioB  HaBHraunoHHbix 
CnyTHHKOB  POCCHHCKOH  CHCTeMbi  TJIOHACC  H  aMCpHKaHCKOH  CHCTeMbi  GPS. 
3th  HaBHrapHOHHbie  CHCTeMbi  BKJHonaioT  43  cnyTHHKa  Ha  KpyroBbix  opSHTax  c 
BbicoToii  ~  2104  KM,  nocTOHHHo  H3JiyqaiomHX  CHTHaiibi  Ha  «Byx  /uiMHax  bojih. 
YcTaHOBJieHHbiH  Ha  MC  MHoroKaHajibHbiH  npHeMHHK  MOxex  ocymecTBJiaTb 
TOHHbie  H3MepeHHH  nacTOTbi,  4>a3bi,  aMnjiHTynw  h  BpeMeHH  pacnpocTpaHeHHH 
paHHOBOJIH  OT  KaXCBOTO  H3  HaBHTailHOHHblX  CnyTHHKOB.  MOHHTOPHHT  aTMOCI^epbl 
h  HOHoc4>epbi  ocymecTBTHeTca  pa^,H03aTMeHHbiM  mctoaom,  coctohiuhm  b  tom, 
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hto  npn  3axo/ie  MC  b  30Hy  xenn  3eMjin  no  oxHomeHHio  k  o/jHOMy  H3 
HaBHrannoHHbix  cnyranKOB  (HC)  paflnojiyn  ocymecxBJinex  BepxnKajibHbin  pa3pe3 
CHanajia  HOHoc(J)epbi,  a  3aTeM  axMoc([)epbi  (pnc.l).  YcxaHOBJieHHbin  Ha  MC 
npneMHHK  ocymecxBJiner  H3MepeHna  Bapnannn  4>a3bi,  nacxoxbi  h  aMnnnxyflbi 
pa^HOBojiH,  o6ycjioBJieHHbix  BJiHHHneM  noHoc(f)epbi  n  axMOC(|)epbi.  M3MeHeHne 
napaMeTpoB  pannocnrHarroB  o^HcoHanHo  CBrnaHbi  c  H3MeHeHHHMH  BbicoTHoro 
npo^njra  K03(J)4)HUHeHTa  npejioMJieHHH  HOHoc<J)epbi  n  aTMOc(|)epbi.  llo 
H3MeHeHHHM  K03(J)(})HnHeHTa  npejioMJieHHn  onpe/jejimoxcn  BbicoTHbie  ripo(fjHjin 
sjieKTpoHHon  KOHneHipaHMM  b  noHoc(])epe,  TeMnepaxypbi  n  flaBneHnn  b 
aTMOC(J)epe,  no  n  ojt h nxeji mi o  no  naMcpennaM  napaMexpoB  oTpaaceHHoro  cnraana 
onpenewiexcH  noraoineiine  pannoBOJiH  b  axMOcejjepe  n  xapaKxcpncTKKM 
OTpaxceHHH  pannoBOjiH  3eMHon  noBepxHocTbK). 

PaaH03aTMeHHbiH  Mexoa  no3BOJineT  ocyinecxBJTHXb  HenpepbiBHbin  KOHTpoJib 
coctobhhh  axMocc[>epbi  h  Honoc^epbi  b  miaHexapHOM  MacuxraOe. 

paflH03aTMeHHoro  MOHHXopHHra  axMocc])epbi  h  noHoccJiepbi  Majibin 
cnyTHHK  acuixceH  6wtb  BbreeneH  Ha  KpyroByio  nojinpHyio  op6nxy  c  bhcotoh  500- 
700  km.  Taxan  op6nxa  obecneHHBaeT  an  nxen bHoe,  cBbiine  4  JieT,  BpeMa  aKTHBHoro 
cymecTBOBaHHn  cnyxHHKa,  a  hhcjio  panoHOB,  oxBaTbmaeMbix  H3MepeHHHMH  npn 
npneMe  cnraajioB  HaBnrannoHHbix  cnyxHHKOB  rJIOHACC  h  GPS,  npeBbimaeT 
hhcjio  cymecTByioinHx  b  Mnpc  Ha3eMHbix  cxaHiiHH  aapojioranecKoro 
30HflHp0BaHH5I  aXMOC(|)epbI. 

YcxaHOBJieHHbm  Ha  MC  HaBHrau,MOHHbin  npneMHHK  oOecnennBaex 
BbicoKoxoHHoe  onpeneneHne  napaMexpoB  opOuxbi  cnyxHHKa,  nxo  no3BOJinex 
aonojiHMxejibHo  ocymecxBnxb  HayneHne  sbojiiouhh  op6nx  Majibix 
HccjieaoBaxenbCKHX  cnyxHHKOB  H3-3a  coBOKynHocxn  Bcex  B03B,eficxByK)mHx 
(J)aKXopoB  h  ncribixaHHH  HOBoro  rojiorpacf)HnecKoro  Mexoaa  KOHxpojin 
noBepxHocxH  3eMjm. 

PaaH03axMeHHbiH  Mexoa  MOHHXopHHra  axMoc(J)epbi  h  HOHoccJjepbi  3eMjin 
pa3pa6oxaH  xeopexnnecKH  [1-5,18]  h  aexajibHo  npoBepeH  3KcnepnMeHxajibH0  [6- 
19]. 

B  Pocchh  b  MP3  PAH  b  1989-1995  roaax  ocymecxBJieHbi  MaccoBbie 
pan,H03axMeHHbie  SKcnepnMeHXbi  b  pa3Hbix  panoHax  3eMJin  c  Hcnojib30BaHHeM 
cxaHHHH  "Mhp"  h  reocxannoHapHoro  cnyxHHKa-pexpaHCJinxopa.  3KcnepHMeHXbi 
ripoBeaeHbi  b  aByx  n,Hana30Hax:  caHXHMexpoBOM  h  aeUHMexpoBOM.  B  cepnn 
H3MepeHHH  6hji  oxpa6oxaH  Mexon  paanonpocBenHBaHHfl  axMocc^epw  h 
noHoc4>epbi  3eMJiH  n  BbincHenbi  panno(]3M3HqecKMe  3aKOHOMepHocxn 
npHHHHnHajibHbie  flJin  naHHoro  npocxxa.  Maxepnajibi  axnx  nccjienoBaHHH 
onyOjiHKOBaHbi  b  [6-12,  18,  19]. 

B  CUIA  b  1995  r.  6biJi  3anymeH  Majibin  nccjienoBaxejTbCKnn  cnyxHHK 
"Microlab-1",  3aflanen  Koxoporo  BBJinexcn  oxpaSoxKa  panno3axMeHHoro  Mcxona 
MOHHXopHHra  axMOC(J)epbi.  H3MepeHnn  ocymecxBJiHJiHCb  npn  npneMe  Ha 
nccjieAOBaxejibCKOM  cnyxHHKe  "Microlab-1"  cnrHanoB  HaBnrannoHHbix  cnyxHHKOB 
GPS.  npoBe/ieHHn  H3MepeHHH  Ha  ncc/ienoBaxejibCKOM  cnyxHHKe  ycxaHOBJieH 
cneu;HajiH3HpoBaHHbiH  H3MepnxejibHbiH  npneMHHK  -  BbiHncjinxejib.  IIpneMKHK 
o6ecnennBaex  xonHoe  onpcne/ieHne  KoopnnHax  cnyxHHKa  "Microlab-1"  n 
H3MepeHHB  (J)a3bi  (^ajibHocxn)  npn  3axone  cnyxHHKa  "Microlab-1"  b  30Hy 
paanoxciin  oxHocnxejibHo  HaBnrannoHHbix  cnyxHHKOB.  CpaBHeHne  BbicoxHbix 
npocbrnien  sjieKxpoHHon  KOHnempaHnn  n  xeMnepaxypbi,  nojiyneHHbix 
paflno3axMeHHbiM  Mexo^oM  n  no  pe3y;ibxaxaM  xpa^nnnoHHbix  H3MepeHnn 
noKa3biBaex  nx  xopomee  coBnafleHne  (cm.  nybjinKannn  [13-17]). 


C.  Abaioiiihh,  A.  Bo.ikob,  H.  HBanoB,  F.  MaKCHMOB,  C.  MaxioroB,  A.  naBeaieB, 
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npoBeaeHHbie  b  Pocchh  h  CIIIA  HccjieflOBaHHH  AOKa3aAH  BbicoKyio 
3(J>4^®KTHBHOCTb  paAH03axMeHHoro  KOHTpojrH  MexeonapaMexpoB  aTMocc|)epbi  h 
3/ieKXpOHHOM  KOimeHXpaHHH  HOHOCfj)epbI. 


MC  -  wajibiH  cnyTHHK, 

HC  -  cnyTHHK  HaBHrauHOHHoii  cwcTeMbi 

rJIOHACC/GPS, 

H  h  -  MHHHMajibHan  BbicoTa  nyneBOH  jihhhh, 
Z,  -  yron  pcc))paKUMH  pannoBOJiH, 

D  -  paiion  pafluonpocBe'iHBaHHJi, 

0  -  ueHTp  3eMJiH. 


Phc.  1.  CxeMa  paflHonpocBeqHBaHHH. 

2.  PaaH03aTMeHiibiK[  mctoa  MOHHTopimra  arivioctjjepbi  h  HOnoc(J)epbi 

Jlim  MOHwxopHHra  axMoccjjepbi  h  noHoccjjepbi  6ya;ex  Hcnojib30BaH 
pa/iH03axMeHHbiH  MexoA  -  MexoA  paAHonpocBeHMBaHHA  cpeati  xia  xpacce 

"cnyXHHK-  enyXHHK",  OCHOBaHHblH  Ha  CBA3H  H3MeHeHHH  XapaKXepHCXHK 
pa^HOBOJiH  (4)a3bi,  qacxoxbi  h  ayinjinxy^bi)  c  napaMexpaMH  30HAHpyeM0H  cpe^bi. 
ByAyr  Hcnojib30BaHbi  pe3y;ibxaxbi  H3MepeHMH  Ha  6opxy  Majioro  cnyxHHKa  (MC) 
napaMexpoB  paanocnrHaaoB,  H3jiyLiaeMbix  AByMH  cncxeMaMH  HaBHraHHOHHbix 
cnyxHHKOB  FJIOHACC  (Pocchh)  h  GPS  (CIIIA).  IIpw  3axoae  MC  b  30Hy  xeHH 
3eMjiH  no  oxHomeHHio  k  BbicoKoop6nxajibHOMy  HaBnrau,MOHHOMy  cnyxHHKy  (HC) 
paAHOJiyn  ocymecxBJwex  pa3pe3  cnanaxa  HOHoc^epw,  a  3axeM  axMoc(J)epbi  (pHc.l). 
PaAHocHrHajrbi,  H3JiyaacMbie  nc,  npoxoAHX  xcpc3  3onAMpyeMyio  cpeay  h 
npHHHMaioxca  Ha  MC.  <t>a3a,  qacxoxa  h  aMruinxyAa  CHmanoB  h3MChhioxch  b 
3aBHCHMOCXH  OX  MHHHMaAbHOrO  paCCXOAHHfl  JiyHCBOH  AHHHM  OX  nOBepXHOCXH 
3eMJIH.  3XH  H3MeHeHHH  06yCJTOBJ7eHbI  BbICOXHbIM  npo4»HJieM  K03(jxJ)MHHeHXa 
npeAOMAeHHH  cpeaw  b  paftoHe  paAHonpocBeHHBaHHH.  Kos^cJjHpweHX 
npejioMAeHHH  HOHOC(|)epbi  nponopHHOHajieH  sjieKxpoHHoft  KOHHeHXpauHH,  a  b 
axMOC(|)epe  Kos^HHHeHx  npeaoMJieHHa  nponopHHOHajieH  iuioxhocxh  B03Ayxa. 
Mcno;ib30BaHHe  AonojiHHxeAbHO  ypaBHeHHH  HAeanbHoro  ra3a  h 
rHApocxaxHnecKoro  paBHOBecua  nosBOJiacx  onpeAejiHXb  AaBJicHwc  h  xeMnepaxypy  b 
paftoHe  paAHonpocBeHHBaHHA.  Tax  icax  MHHHMajibHaa  Bbicoxa  paAHOAyna  HaA 
3eMHOH  noBepxHocxbK)  H3MeHaexcA,  xo  3X0  no3BOJiHex  nojiy'iHXb  BbicoxHbie 
npo(J)HAH  sjieKxpoHHoft  KOHHeHXpauHH  b  MOHocc[)epe,  a  xaioxe  AaBJieHMH  h 
xeMnepaxypbi  b  axMoetjaepe.  Hpn  KcnoAb30BaHHH  AonojiHHxejibHoft  MHC^opManHH 
onpeAeJiHexca  npo(|)HAb  BJia^cHocxw. 

TaKHM  o6pa30M,  pa3Mein,eHHe  Ha  MC  aHxeHHbi  h  MHoroKaHaAbHoro 
npneMHHKa  CHraaAOB  HaBHraHHOHHbix  cnyxHHKOB  no3BOA«ex  ocymecxBAHXb 
rjI06a.XbHbIM  KOHXpOAb  COCXOAHHA  aXMOC(])epbI  H  HOIIOC(|)epbI  MeXOAOM 
paAHonpocBeHHBaHHH. 

PaAH03axMeHHbift  MexoA  6bin  pa3pa6oxaH  aaa  HCCAeAOBaHHA  axMoccjjep 
nJiaHex,  a  3axeM  o6ocHOBaH  npHMeHHxeAbHo  k  3eMHOM  axMoc(J)epe  [1-5,  13,  14]. 
Pe3yAbxaxbi  3KcnepnMeHxaAbHoii  npoBepKH  MexoAa  H3Jiox(eHbi  b  pa6oxax  [6-12, 
15-17] 

3xox  xce  MHoroKanajibHbiHf  npweMHHK  BbinojiHuer  h  Apyryio  BaxHyio 
4>yHKU,Hio:  oh  no3Bojiaex  ocymecxBHXb  BbicoKoxoxHoe  onpeAeACHHe  xpaeKXopHbix 


C.  Ab/uoiuhh,  A.  Bojikob,  H.  HBanos,  f.  Mammcm,  C.  MaTioroB,  A.  naBeju.ee, 
B.  PoraribCKHfi,  B.  CajiHineB,  A.  CeaHBaHOB,  fO.  Xpn<l>OHOB,  O.  XteoBJieB 


napaMeTpoB  Majioro  KOCMnqecKoro  annapaia  no  cnraanaM  HaBHranHOHHbix 
cnyTHHKOB  rJIOHACC  h  GPS. 

YnpomeHHaH  cxeMa  nonyqeHHB  ASHHbix  H3  HiMepeHHM  napaMeTpoB 
npHHHMaeMbix  cmnanoB  noKa3aHa  Ha  pHc.2.  Bjiok  1  BKJiioqaeT  nepBHHHbie 
3KcnepHM6HTajTbHbie  ^aHHbie  06  H3MCHeHMHx  aMnuHTyiibi,  nacTOTbi  h  4>a3bi 
paflHOBOJiHbi.  Hcnojib30BaHHe  SanAHCTHHecKHX  ^ainibix  MC  h  I1C  (6aok  2)  h 
AaHHbix  6jioKa  1  no3BOJiaeT  onpeaejiHTb  3aBHCHMOCTH  ot  bbicoth  cjie^yiomnx 
BejiHHHH:  yraa  pe^jpaKpHH,  npoHiBOAiion  yma  pcchpaKimn  no  Bbicore,  AHcnepcnn 
(J)JiyKTyanHH  aMnjiHTyabi  h  c|)a3bi  (6jiok  3).  Hi  aaHHbix  SaoKa  3  HaxoAHTCH: 
3JieKTpoHHafl  KOHpeHTpanHK  b  H0H0C(J)epe  Ha  Bbicorax  80-270  km,  TeMnepaTypa  h 
^aBJieHHe  b  aTMoc(J)epe  Ha  BbicoTax  2-35  km,  caoncTbie  CTpyKTypbi  (Tpononay3a, 
HHBepcHH  TeMnepaTypbi,  rpaHHUbi  cmiouiHoft  oOiianHocra)  Ha  BbicoTax  1-16  km. 
IIpH  Hcnojib30BaHHH  aoHOJiHHTejibHOK  MeTeoHH(J)opManHH  onpeflejineTca 
BJiarocoaep^caHHe  Tponoccjjepbi  b  oOnacTH  BbicoT  0,5-6  km  m  TeMnepaTypa  Ha 
BbicoTax  0-2  km.  3th  zianHbie  HaxoABTCB  aab  oSnacTH  HaHOojibinero 
npn6jmaceHHH  jiyneBofl  jihhhh  MC-HC  k  noBepxHocTH  3eMJin  (T.e.  b  oOjiacTH  D 
Ha  pHC.l). 

PaAH03aTMeHHbiH  mctoa  HMeeT  caepyiom,yK)  npocTpaHCTBeHHyio 
pa3pemaiomyK)  cnoco6HocTi,:  paipemeHHe  no  BbicoTe  h  b  HanpaBjieH  hbx 
nepneHAHKyjnipHbix  iwockocth  pHC.l  okoao  300  m.  Pa3pemeHHe  no 
HanpaBJieHHio  Tpaccbi  "MC-HC"  okojio  120  km. 

A6cojiK)THbie  3HaneHH5[  TeMnepaTypbi  h  sneKTpoHHOH  KOHneHTpaunn  6yayT 
onpe^ejiOTbcn  c  ouiH6KaMH  He  6ojiee  ±1.6  K  (TeMnepaTypa)  h  20%  (aneKTpoHHaB 
KOHiieHTpapHa). 

Pa^H03aTMeHHbIH  MeTOJI  n03B0JTHeT  HaXOJIHTb  BbICOTHble  npo4)HJIH 
onpeflejineMbix  napaMeTpoB  c  bmcokoh  aeTcUibHOCTbio,  stot  mctoji  nyBCTBHTeneH 
K  TOHKHM  CJIOHCTbIM  CTpyKTypaM  B  aTMOC(J)epe  M  HOHOC(|)epe. 

flan  KOHTpojin  Majibix  aojiroBpeMeHHbix  H3MeneHHH  aTMocc^epbi 
pajiH03aTMeHHbiH  mctoa  naeT  Tonnyio  h  oneHb  qyBCTBMTenbiiyio  xapaKTepHCTHKy  - 
3aBHCHMOCTb  yrjia  pecijpaKnHH  ot  BbicoTbi  4(h)-  3KcnepHMeHTajibHbie  AaHHbie  o 
3aBHCHM0CTHX  4(h)  b  pa3Hbix  paftoHax  3eMJiH  abb  pa3Hbix  ce30HOB  6yflyr  no- 
jiyneHbi  c  yHHKanbHOH  ToqHocTbio.  OniH6Ka  MiMepeHHB  84/4  OyaeT  okojio  10'^ 
fljix  BbicoT  35-  20  KM,  nopnflKa  10“3  aab  h=15-6  km  h  okojio  10'4  aab  h=5-0,5  km. 
CymecTBeHHO,  hto  nojiyneHHbiH  6aHK  jjaHHbix  o  3aBHC hmoctbx  4(h)  cbo6oach  ot 
bahbhhb  annapaTypHbix  (JiaKTopoB.  3KcnepHMeHTanbHbie  3aBHCHMOCTH  4(h) 
nojiynaiOTcn  no  H3MepeHHBM  nacTOTbi  h  He  3aBHCBT  ot  napaMeTpoB  op6HT 
cnyTHHKOB,  xapaKTepHCTHK  annapaTypbi,  ot  anropHTMOB  HHTepnpeTauHH 
nepBMHHbix  flaHHbix.  BaHK  jiaHHbix  *(h)  BaxeH  abb  cpaBHCHHB  c  OyayuiMMH 
H3MepeHHBMH,  A  JIB  BblBBAeHHB  SKOAOTHHeCKM  3HaHHMbIX  MaAbIX  AOATOBpeMeHHblX 
H3MeHeHHH  aTMOC(J>epbI  3eMAH. 

PeaAH3aHHA  paAH03aTMeHHoro  MeTOAa  Ha  oahom  mbaom  cnyTHHKe  BHeceT 
OoAbinoH  BKAaA  b  npaKTHnecKyio  MeTeocAyx6y  Pocchh,  TaK  KaK  peryABpHO  6yAyr 
onpeAeAATbCH  BbicoTiibie  npocJiHAH  MeieonapaMeTpoB  HaA  TpyAHOAOCTynHbiMH  aab 
exeAiieBHbix  aapoAorHnecKHx  Ha6.moAeHHH  oOnmpHbiMH  ceBepHbiMH  h 
noABpHbiMH  pafioHaMH  Pocchh,  bahbk)hihmh  Ha  rjio6ajibHbie  npopeccbi  b 
aTMoctJ)epe. 

Pa3pa6oTKa,  3anycK  h  (JjyHKHHOHMpoBaHMe  6a30Boro  paAH03aTMeHHoro 
cnyTHHKa  oOocHyer  Heo6xoAHMocTb  KacceTHoro  3anycKa  4-6  MaAbix  cnyTHHKOB 
aab  paAHQ3aTMeHHoro  MOHHTOpHura  aTMocchepbi,  hto  no3BOAHT  Pocchh  b 


C.  ABflfomHH,  A.  Bojtkob,  H.  HBaiioe,  T.  MaKCHMOB,  C.  Maxioron,  A.  naneahCB: 
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KpaTHaftLime  cpoKH  bbihth  b  AHAepbi  coaAaHHA  MexAyHapoAHon  pa^HoaaiMeHHOM 
CHCTeMbi  MereoponomMecKoro  MOHHTopHHra.  Co3AaHHe  xe  MexAyHapoAHOH 
cHCTeMbi  H3  20  pa/iH03aTMeHHbix  cnyTHHKOB  oOecneHHT  nojiyneHMe  3a  oahh  cyTKH 
okojio  10000  BbicoTHbix  npocJjHJieH  TeMnepaTypbi,  AaBAemm  h  BJiaxHocTH 
npaKTHMecKH  Ha, a  BceMH  panoHaMH  3eMJiH. 


Phc.  2.  CxeMa  noAyneHHA  HHC^opMauMM  M3  pa^H03aTMeHHbix  AaHHbix 

3.  Pa^HOKOMnjieKC  Majioro  cnyTHHKa 

Pa^HOKOMiuieKC  Majioro  cnyraHKa  (MC)  npe^Ha3HaqeH  aaa: 

-  H3MepeHHH  4)a3bi  h  aMnjiHTy/ibi  CHraaJioB  HaBHranHOHHbix  cnyTHHKOB 

rJIOHACC/GPS  npn  pa/ino3aTMeHHax; 

-  onpe^eJieHMa  Ha  MC  napaM expos  ero  opOHTbi  (ac|)eMepHA)  nyTeM  H3MepeHHH 
6e33anpOCHbIM  MCTOAOM  AaAbHOCTH  H  CKOpOCTK  OTHOCHTeJTbHO  HeCKOJIbKHX 
HaBHrau,HOHHbix  cnyTHHKOB; 

-  nepeuanH  Ha  Ha3eMHbiH  nyHKT  (HIT)  nn^poBoro  noTOKa  AaHHbix, 
coAepxamnx  Te;ieMeTpMHecKyio,  acJieMepMAHyio  h  paAH03aTMeimyio 
HH^opMannio; 

-  no/mepxaHHH  niKajibi  tohhoto  SopTOBoro  BpeMeHH  Ha  MC  h  BbipaOoTKH 
nporpaMMHbix  ynpaBJiaiomwx  koaobmx  cnrHairoB,  oOecnenHBaiomHx  paOoxy 
OopTOBoro  paflHOKOMnjieKca  6e3  BMemaTejibCTBa  HFI; 

-  xpaHeHHfl  pap;H03aTMeHHOH,  xejieMeTpHqecKOH  h  atJieMepHAHOH  HH(|)opMaHHH 
b  nepHOA  MexAy  ceaHcaMH  CBA3H  MC  c  HIT. 

,0pm  pemeHHH  arax  aapan  HcnojibayioTCB  ABe  P3ahoahhhh: 

-  paAHOAHHHB  "HaBHraHHOHHblH  enyTHHK  (HC)-  MC"; 

-  paAHOAHHHB  "MC  -  HIT'. 

PaAHOAHHHK  "HC  -  MC"  pa6oTaeT  b  BbiAeAeHHOM  "PerAaMeHTOM 
paAHOCBH3H"  rjih  TAoOaAbHbix  HaBHrauHOHHbix  chctcm  b  AHana30He  1,6  ITn,  a 
paAHOAHHHA  "MC  -  HH"  paOoTaeT  b  Anana30He  1,7  ITn,  bhacachhom  aaa 
KOCMHHeCKHX  MeTeopOAOTHHeCKHX  CHCTeM. 

OyHKHHOHaAbHaA  cxeMa  OopTOBoro  paAHOKOMnAeKca  npHBeAeHa  Ha  pHC.  3. 
Boptoboh  paAHOKOMnACKC  MC  paOoTaeT  b  CACAyiomHX  pexHMax:  PexHM 
"HaBHranHa".  B  otom  pexHMe  c  noMombio  npHHHMaeMbix  nepe3  aHTeHHy  A2  ot 
Tpex  h  6oAee  HC  cHmaAOB  MHoroKaHaAbHbiH  npHeMHHK-npoijeccop  bbtohomhoh 
CHCTeMbi  HaBHraAHH  (ACH)  onpeAeAaeT  a4)eMepHAbi  MC  (t,  X,  Y,  Z,  X,  Y,  Z), 

HTO  n03BOAAeT  TOHHO  3HaTb  nOAOXeHHe  MC  B  npOCTpaHCTBe  H  aBTOMBTHHeCKH 
onpeAeAHTb  tot  HC,  c  kotopwm  6yAyr  npoBOAHTbca  paAH03aTMeHHbie  H3MepeHHa 
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pjia  oripenejieHMa  MeTeonapaMeTpoB  aTMOC(|)epbi. 

3HaqeHHa  t,  X,  Y,  Z,  X,  Y,  Z  nepenaiOTcn  Ha  Ha3eMHHH  nyHKT. 

PejKHM  pa/iH03aTMCHne".  B  3tom  pexHMe  ACH  ocymecTBJineT  H3MepcHHs 
Ha  Hecymeft  yacTore  pa3HocTH  4>a3  CHraana  npHHHMaeMoro  ot  HC  h  CHraana 
cBoero  onopHoro  reHepaTopa.  OnopHbiH  reHepaiop  ACH  HMeeT 
cpeflHeKBa^paTHHHyio  OTiiocHTejiBHyio  CTa6HJibHocTb  yacroTti  3a  10  mhh  He  xyxce 
5  *10'9,  a  KpaTKOBpeMeHHVK)  OTHocHTejibHyio  CTaOHJibHocTb  3a  lc  He  xyxce  5*10'u. 

A  |  -  npHOMnan  aHTeHHa  nun  p a /x m 03 ? itm e h n h x  n3MepeHwft; 

A2-  npHCMiian  aHTeHHa  HaBuraiiHOHHbix  H3MepeHHH; 

A3  -  nepeflaromasi  aHTeHHa  CHCTeMbi  nepe^aHH  JiaHHbix. 

ACH.  -  aBTOHOMHaa  CHCTeMa  HaBHraunw,  MHoroKaHajibHbifi 
npHeMHHK-  npoueccop; 

Oil  -  onopHbiii  reHepaTop  5  Mfu; 

03Y  -  onepaTHBHoe  3anoMHHaioiuee  ycTpoHCTBo  Ha  30  M6ht; 
BHn-  BTOpHHHblfl  HCTOHHHK  ITHTaHMH. 


Phc.  3.  OyHKUHOHajitHay  cxeMa  6opTOBoro  panHOKOMiuieKca  MC 

HaKonjienHbie  3a  onHH  ceaHC  panH03aTMeHHbix  H3MepeHHH  naHHbie 
3anoMHHaiOTca  b  03Y. 

PexcHM  KajinOpoBKa  .  B  stom  pextHMe  ocyuuecTBJiaeTca  KoppcKHHa  uiKaribi 
SopTOBoro  e^HHoro  BpeMeHH  (BEB)  nyreM  npneMa  TonHoro  cnraana  "ceKyHna"  ot 
nC.  IIlKajia  BEB  (J)opMHpyeTca  b  npouecce  ynpaBJieHHH  H3  onopnoii  nacTOTbi 
3aaaiomero  reHepaTopa  ACH. 

nojiyyeHHbie  npH  paanosaTMeHHbix  H3MepeHHHX  naHHbie  06  H3MeHeHHJix 
(J>a3bi  n  aMnjiHTy^bi  cnrHana,  o6teMOM  no  120  K6ht,  cobmcctho  c 
TejieMeTpuyecKHMH  h  3(J)eMepnnnb[MH  naHHbiMH  nocTynaioT  b  03Y,  me  xpaHUTca 
no  ceaHca  cbhsh  c  ItfE  npennonaraeTcn,  mto  npH  onHOM  Hn  HeoOxonwMo 
xpaHHTb  panH03aTMeHHbie  naHHbie  nojiyqcHHbie  3a  4  BHTKa  MC.  Hx  odbeM 
cocTaBHT  no  4*107  6ht,  ecnH  panH03aTMeHHbie  H3MepeHHfl  6ynyT  ocymecTBaarbca 
co  BceMH  HMeiomwMHca  nC  chctcm  EJIOHACC  h  GPS. 

B  ceaHcax  cbh3h  c  Hn,  naHTenbHocTbio  6ojiee  5  mhh,  stot  o6beM  nariHbix, 
3aKonHpoBaHHbiH  CBepTOHHbiM  KonoM  (k=7,  R=l/2)  nepenaeTCH  Ha  Hn  co 
CKOpOCTbK)  100  K6ht/c. 

BopTOBOH  panHOKOMnneKc  BfcnoneH  Bee  BpeMn,  03Y  3anojiHHeTca  riocne 
Kaxnoro  panno3aTMeHHH  hobmmh  naHHMMH,  BbirecHaa  caMbie  paHHHe  naHHbie. 
BopTOBOH  panMOKOMnJieKC  BKJIIOyeH  IIOCTOflHHO,  t.k.  HeT  Heo6xonHMocTH  B 
KOMaHnHOH  panHOJiHHHH.  CeaHew  H3MepeHHH  nnaHHpyiOTCH  nponeccopoM  ACH. 

B  cocTaB  SopTOBoro  panHOKOMnneKca  BxonaT  tph  ManoHanpaBneHHbie 
aHTeHHbi.  AHTeHHW  A1  h  A2  o6ecnenHBaiOT  npneM  cnmanoB  HaBHrapHOHHbix 
cnyraHKOB.  AHTeHHa  A1  paOoTaeT  b  pexHMe  "panH03aTMeHHe"  h  HMeeT  uiHpHHy 
nnarpaMMbi  HanpaBJieHHocTH  b  BepTHKanbHOH  itjiockocth  20“  h  360°  b 
ropH30HTanbHOH  IUIOCKOCTH.  Ee  K03(f)(jDHIIHeHT  yCH/ieHHB  (KY)  paBeH  4.  AHTeHHa 
A2  Hcnojib3yercn  b  pexcHMe  HaBHrainin".  Ohb  oOecnenHBaeT  npneM  cnrHanoB 
onHOBpeMeHHO  OT  HecKonbKHX  ITC  B  BepxHen  nojiyc^epe  h  HMeer  KY=0,8. 
nepenaioman  aHTeHHa  A3  HMeeT  mnpHHy  nHarpaMMbi  145°  OTHocHTenbHo  Hannpa; 
ee  KY=1. 

Macca  OoproBoro  panHOKOMroiexca  npn  mouihocth  nepenamHKa  0,5  Bt 
cocTaBJiaeT  7kx,  b  tom  HHcne  aHTeHHa  Aj  -  1,0  kt,  aHTeHHa  A2  -  0,5  kt,  aHTeHHa 
A3  -  0,5  Kr,  npHeMHHK-npoiieccop  ACH  -  1,1  kx,  nepenaTHHK  -  1,0  Kr,  npopeccop 
ynpaBJieHHH  c  03Y  -  2,4  Kr,  BHn  -  0,5  Kr.  noTpeOnneMan  mouihoctb  6-7  Bt. 


4s  M 


C.  Abwouihh,  A.  Bojikob,  H.  HBaHOB,  T.  MaKCHMOB,  C.  MaxioroB.  A.  riaBeateB, 
B.  PoraJibCKHii,  B.  CaJinmeB,  A.  CenHBaHOB,  K).  TpH^oHoii,  O.  ^kobjicb 


TJah  npneMa  AaHHbix  c  MC  MoryT  Hcnoab30BaTbca  cymecTByiomHe  b 
nempax  PocruapoMeTa  (MocKBa,  HobochShpck,  XaSaposcK)  npneMHbie  cTaHUHH, 
paSoTaiomHe  b  Awana30He  1,7  ITn  h  yKOMnjieKTonaHHbie  amreHHaMH  c 
B,naMeTpoM  2,6  m  ,  pa3pa6oraHHHMH  b  PHHH  KIT  (PKA).  06mch  aaHHbiMH 
MOxeT  ocymecTBJiJiTbCH  aBTOMaTHHecKH  no  Te;re<J)OHHbiM  KaHajiaM  cbh3h. 

OCHOBHbie  XapaKTepHCTHKH  pa^HOJTHHHH  "HC-MC": 

-  MoiKHOCTb  nepeflaT^HKa  HC  -  32  Bt 

-  K03(|x|)H PMeHT  yCHJIGHHH  aHTCHHbl  HC  -  16 

-  HHflCKC  rjia-iOBOM  MOflyjMUHH  ±90° 

-  K03(t«t)mjneHT  ycHjicHHn  aHTeHHbl  A;  -  4 

-  nojTJipH3auHOHHwe  noTepw  -  2 

-  nopTOBaa  MoniHOCTb  npHeMHHKa  ACH  -  -167  flBBr 

-  MaKCHMajibHaa  flanbHocTb  HC-MC  -  28260  km 

npw  BbiinenpHBe^eHHbix  napaMeTpax  paflHOJiHHHH  CHraan  Ha  bxoac 
npneMHHKa  ACH  moxcct  6biTb  paseH  -  156  aEBt.  3anac  b  pa^HojiHHHH 
cocTaBJmeT  1 1  aB. 

OCHOBHbie  XapaKTepHCTHKH  pa^HOJIHHHH  "MC  -  Hn": 

-  MouiHocTb  nepoaaT'iHKa  MC  -  0,5  Bt 

-  K03<i>(})HUHeHT  yCHJieHHfl  aHTeHHbl  A3  -  1 

-  K03(J)C})HUHeHT  yCHJTCHHa  aHTeHHbl  Hn  -  1000 

-  noJiapnaauHOHHbie  norepn  -  2 

-  uiVMOBaa  TeMnepaxypa  npneMHoii  CHCTeMbi  -  180K 

-  cKopocTb  nepcaaMH  juihhmx  -  100  K6ht/c 

-  MaKCHMajibHaa  flajibHOCTb  -  2860km 

-  noporoBoe  oTHomcHwe  Ee/Ho  npii  CBcpxo'iHOM  KOHupcmaHHH  -  3 

-  noporoBaa  MoniHOCTb  Ha  Bxojie  npneMHHKa  Hn  -  151,3  jiEBt 

PacneTbi  noKa3biBaK)T,  hto  Ha  Bxoae  npHeMHHKa  11,11  MoniHOCTb  CHraana 

6y^eT  paBHa  -  145,4  aBBt.  3anac  b  pbahoahhhh  cocTaBaaeT  6  aB. 

4.  OCHOBHbie  XapaKTepHCTHKH  Majioro  cnyTHHKa 

Bo3Moxchh  ABa  BapnaHTa  BbiBeAenna  MC  Ha  op6nTy  -  cobmcctho  c  KA 
"Pecypc-01"  hah  "MeTeop-3"  hah  Ha  KOHBepcHOHHOM  paKeTHO-KocMHnecKOM 
KOMnAeKce  "CTapT-1". 

ripeAJiaraeTCH  rpaBHTaiiHOHnaa  oAHOocHaa  opneHTanHa  MC  no  mccthoh 
BepTHKaAH  c  oihh6koh  He  npeBbimaiomeH  4°.  TaKaa  opneHTauKH  noAHOCTbio 
oSccnenHBacT  pemeHHe  ycaoBHH  3aAan,  yMeHbinaeT  Maccy  aHTeHHo-(|)HAepHOH 
CHCTeMbi  h  yBeAHHHBaeT  ee  HaAexa-iocTb,  a  Taoce  ynpoinaeT  pa3Mein;eHHe 
coAHenHbix  6aTapett  (BC)  h  coKpamaeT  hx  cyMMapHyio  Maccy  no  cpaBHeHHio  c 
HeOpHeHTHpOBaHHbIM  KA. 

JX ah  peaAH3an;HH  yKa3aHHOH  opHeHTatiHH  annapaT  co3AaeTca  b  BHAe  AByx 
6aokob  -  BepxHero  h  HHxcHero,  Koropbie  nocAe  BbiBeAeHHH  Ha  opGHTy  pasBOAHTca 
Ha  paccTOHHHe  4.. .7  m.  Baokh  coeAHHeHbi  Apyr  c  ApyroM  c  noMombio  CKAaAHbix 
urraHr  -  Acp>xaTejieH. 

Jlna  ycnoKoeHHH  h  npeABapHTeabHOH  opneHTanHH  KA  HcnoAb3yioTCH 
c(J>epHnecKHM  MarHHTHbift  ACMniJiep  h  TaKOBaa  KaTyiuxa,  B3aHMOAeHCTByjomaa  c 
MaTHHTHblM  nOAeM  3eMAH. 

llpaBHAbH ocTb  opHeriTanHH  MC  oTHocMTeabHO  3eMAH  onpeAeAaeTca  no 
TOKy  coAHenHOH  SaTapeH  h  no  ypoBHHM  paAHOCHTHaaoB,  npHHHMaeMbix  ot 
HaBHranHOHHbix  cnyTHHKOB.  Aah  H3MeHeHHH  opneHTaHHH  npeAycMaTpHBaeTca 
ycTanoBKa  ABHraTeaeH-MaxoBHKOB. 

KoMfioHOBonHaa  cxeMa  MC  b  paSoaeM  noaoxccHKH  npeACTaBAeHa  Ha 
pHcyHKe  4. 

BepXHHH  H  HHXCHHH  6AOKH  KA  COCTOHT  H3  nAOCKHX  KBaApaTHbIX 
TpexcAOHHbix  yTAenaacTOBbix  naHeAeft,  HMeioiAHX  yAeabHyio  Maccy  ~4  kt/m2. 


C.  Abjuoiuhh,  A.  Bojikob,  H.  HBaHOB,  T.  MascHMOB,  C.  MaxtoroB,  A.  OaBejibeB, 
B  PorajibCKHti.  B.  CajinmeB,  A.  Ce.-iHsasioB,  K).  Tph4>ohob,  O.  Hicobjkb 


Ha  naHejiH  HHXHero  6jioKa  ycTaHOBJieHbi  aKKyMyjinTopbi,  cojmeHHan 
Garapea  h  peryjmrop  nHTaHHH.  KpoMe  Toro,  Ha  btoh  naHejiH  pa3Mem;eHbi  y3Jibi 
coe^HHeHHH  CKjianHbix  iUTaur  c  hmxhhm  6jiokom,  y3Jibi  KperuieHHH  cojihchhom 
Garapen  (BC)  h  onopbi  Kpernieimn  BepxHero  GjioKa  k  HHXHCMy  Ha  ynacTKe 
BbiBeaeHHJi;  Ha  stom  xe  GjioKe  hmciotch  y3Jibi  KpenjieHHfl  Bcero  KA  k  6a30BOMy 
annapaTy. 

Ha  BepxHeM  GjioKe  pa3Memaexc«  annapaTypa  pa/i  ho  ko m n Jie kc a ,  aHTeHHbi, 
MarHHTHbiH  aeMn^ep,  TOKOBan  KaryuiKa  h  MHKpoMaxoBHK.  TaM  xe  pa3MeipeHbi 
y3Jibi  3aneKOBKH  ctbopok  cojiHeHHOH  GaTapen  Ha  ynacnce  BbiBeflCHHH,  sjieMeHTbi 
npHeoeflHHeHHH  h  3aneKOBKH  CRJia^Hbix  niTaHr  h  MexaHH3Mbi  KpemieHHH  h 
3aneKOBKH  Gjiokob  Mexuy  coGoh. 

naHejiH  BepxHero  h  HHXHero  Gjiokob  c  onopaMH  KperuieHHH, 
COeaHHHIOmHMH  3TH  naHejiH,  B  CHJIOBOM  OTHOHieHHH  HBJI5II0TC5I  nJIKTOH  C 
TOJimHHOH  OKOJIO  100  MM,  'ITO  oGeCfieqHBaCT  XeCTKOCTb  KOHCTpyKHHH  KA  Ha 
ynacTKe  BbiBejieHHH.  CioiajiHbie  miaHra,  coejMHmomHe  Gjiokh,  BbinojiHeHbi  H3 
yrjienjiacTOBbix  TpyGoK  hjih  yrojiKOB. 

CojiHCHHan  GaTapea  Hcnojib3yeT  KpeMHHeBbie  (JioTosjieMeHTbi  h  coctoht  H3 
HeTbipcx  ctbopok,  njiocKocTH  KOTopbix  pacnojioxeHbi  no,q  yrjioM  20-30°  k 
npOflOJIbHOH  OCH  MC,  OpneHTHpOBaHHOH  no  MeCTHOH  BepTHKaJIH. 

Kaxflan  H3  ctbopok  BC  HMeeT  ruioina/ib  ~0.25  m2,  hto  oGecnenHBaeT 
HeoGxoflHMyio  MoniHOCTb  bcch  BC  (He  MeHee  10-15  Bt). 

CTBOpKH  BC  paCKpbIBaiOTCH  H  (JjMKCHpyiOTOI  nOCJTe  OTpejICHHn  KA  OT 
6a30Boro  annapaTa,  ho  po  paBBeflenHH  6jiokob. 

3aMKH  h  TOJiKaTejiH  Bcero  MC  pa3Memai0Tcn  Ha  6a30B0M  annapaie. 


3oHa  pa3MemeHH« 
pajiHOKOMimcKca  k  cpe^cra 
OpHCHTailKH 


Phc.  4 


C.  Abziioujhh,  A.  Bojikob,  H.  Hbbhob,  T.  MaKCHMOB,  C.  ManoroB,  A.  fIaBe.nt.eB, 
B.  PorajibCKHK,  B.  CatwmeB,  A.  CejiHBaHOB,  K).  Tpn<}>0H0B,  O.  JIkobjicb 


noBepxHocra  naHeneft  Bepxnero  h  HHXHero  6jiokob,  o6pameHHbie  b  cropoHy  3eMJiH  h  Ha 
Koropbix  He  pa3MemeHa  annapaiypa,  HEJimorcH  panHauMOHHbiMM  noBepxHociHMH.  Jljm  aroro  Ha 
hhx  HaHOCOTCH  cneiiHanbHLie  noKpmm  Annapaiypa  m  TeruioBnaeiaromHe  aneMembi 
ycraHaBJiHBaiorcfl  tskmm  o6paaoM,  hto6i>i  HMejiCH  xopoiiiHK  leruioBOH  KomaKT  hx  c 
noBepxHocraMM  naHenett. 

IIpH  BtmojiHeHHH  Bcex  TpeSoBaHHH  TeMnepaTypa  Ha  noca^oHHbix  MecTax 
annapaiypbi  m  TenjioBbmejnnoutHX  ojicmchtob  MOXceT  6biTb  b  npe/iejiax 
+(15+30)°C. 


B  Ta6jiHne  npHBefleHbi  cocTas  h  MaccoBaa  CBOflKa  KA. 


CncTeMbi,  arperaTM,  KOHCTpyKUHH 

H&5H 

TTpHMeHaHHH 

1.  PanHOKOMnneKc  c  aHTeHHO-4>H«epHMMH 

8 

nocTOHHHoe  3neKTponoTpe6;icHHc  -  7Bt 

yCTpOiiCTBaMH  H  aBTOMaTHKOH 

2.  CpeflCTBa  opHCHTamiH 

— 

B  ycTaHOBHBiiieMCH  pexcHMe 

2.1.  MarHHTHbift  fleMmJiep 

'SB 

3jieKTpo3HeprHH  He  noTpe6nHeT 

2.2.  ToKOBan  KaTyuiKa 

Sjki 

2 . 3  .HBHraTejra  -  MaxoBH  kh 

HU 

3.  CncteMa  sueKTp och a6xc hh n 

10,5 

22  HKHC-4c  (22x0,  14kt) 

3.1.  AKKyMynHTopHan  oaTapen 

4,5 

y/iejibHaH  Macca  -  3,5kt/m2 

3.2.  CojiHeHHan  OaTapea 

3,5 

3.3.  PeryjiHTop  nHTaHHH 

1 

4.  TejieMeTpuqccKHc  aaTHHKH  (TeMnepaTypbi 

1 

TM  -  HH^opMauHH  nepeuaeTCH  b 

OTflejibHbix  oneMeHTOB,  (JiHKcauHa  OTfleneHHH  ot 

OCHOBHOM  HHeJiopMaUHOHHOM  nOTOKC 

6a30Boro  KA  h  pa3BefleHHH  6hokob,  tok  BC  h  up) 

5.  KOHCTpyKUHH  h  BKC  (cnnoBbie  naneuH 

7 

pannaTopbi  6jiokob,  cKuaunbie  iuraHTH,  y3Jibi 
KpenneHHH  H  3aHCKOBKH,  3BMKH  -  TOJIKaTe.TH) 

06man  Macca 

KDQBI 

KoiiCTpyKTHBHaa  cxeMa  MC  no3BOjiaeT  npoBOAHTb  3JieKTpnnecKHe 
HcnwTaHHH  Ka>Kaoro  6noKa  pa3fleabHO,  napajuiejibHo  hjih  nocjieflOBaTejibHO.  npH 
3tom  bo  BpeMH  HcnbiTaHHH  6jiokh  MoryT  6biTb  coeaHHeHbi  ,npyr  c  apyroM 
uiTaTHbiMH  xcryraMH. 

npHHHTaa  koi icTpyKHHH  oOecnenHBaeT  npocTott  aociyn  k  KaxcflOMy  6aoKy 
annapaTypbi,  pa3beMy  h  hx  ajieMeHTaM,  a  Taiofte  hx  3aMeHy  b  cayaae 
Heo6xoaHMocTH.  B  HacToamee  Bpcwa  b  Him  BHHH3M  HMeerca  Sojibuioh 
HayHHO-TexHHHecKHH  3aaea,  o6opyaoBaHHe  h  nporpaMMHoe  oQecneaeHHe, 
HeoSxoaHMbie  ana  co3aaHH a  MC. 

IlpeanoaaraeTca  HaroTOBJieHHe  MaKeTOB  paSoaero  o6pa3ii;a.  IlpHMepHbiH 

rpa(J)HK  pa6oT  no  co3aaHHio  MC  npeacrraBJieH  Ha  cxeMe. 

1. npeaBapHTe^bHoe  npoeKTHpoBaHne  MC. 

2. Pa3pa6oTKa  TexHHuecKoft  flOKyMeHTauHM  MC. 

3. M3rOTOBBCHHe  KOHCTpyKTHBHbIX  MaKeTOB  ana 
MexaHHHecKHx  h  TemioBbix  HcnbiTaHHH. 

4 .  KoHCTpyKTOpCKMC  HcnbiTaHHH  MaKeTOB. 

5. M3roTOBneHne  TexHonorwaecKHx  MaKeTOB 

(HHXceHepHbix  Moneneii)  OopTOBbix  chctcm. 

6.9neKTpnHecKne  HcnbiTaHHH  6optobmx  chctcm. 

7. Paapa6oTKa,  H3roraRneHne,  nocTaBKa 

TexHonorHHecKoro  o6pa3ua  (HHxeHepHoft 
MonenH)  none3H0H  narpyaKH. 

8. C6opKa  h  HcnbiTaHHH  tcxhojioth  nee  koto  o6paana 
MC  b  nenoM. 

9. H3roTOBnenne,  HcnbiTaHHH  KOHCTpyKUHH  w. 
6opTOBbIX  CHCTCM  JleTHOTO  KA. 

10. H3roTOBJieHHe,  HcnbiTaHHH,  nocTaBKa  neTHoro 
o6pa,3na  nonesHOH  narpy3KH. 

11. C6opKa,  KOMnneKCHbie  HcnbiTaHHH  neTHoro  MC 
b  uenoM. 

12. nycK  KA,  BbiBoa  Ha  opbHTy. 
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C.  Abakhuhh,  A.  Bojikob,  H.  HflaHOB,  V.  MaxcHMOis,  C.  MaTiorOB,  A.  IlaBenbeB, 
B.  PoraabCKHii,  B.  CanmueB,  A.  CenHBaiiOB,  K).  TpmfioHOB,  O.  Akobjicb 


TaKHM  o6pa30M,  coaaaHHe  MC  noTpe6yeT  18  MecaneB  nocae  na'iajia 
(J)HHaHCHpOBaHHB. 

OpOnra,  BpeMH  cyni'ecTBOBaKHB,  opneHTanHa  MC: 

Op6nTa  KpyroBaa,  HaioioneHMe  opOHTbi  93°-101°. 

BwcoTa  op6nTbi  500-700  km. 

BpeMa  cymecTBOBaiiwi  cnyTHHKa  -  4  roaa. 

OpHeHTaiiHH  TpexocHaa. 

/lonycTHMaa  norpeuiHocTb  opHemaiiHH  He  6oJiee  ±4°. 

Samnoneroie 

1.  Majibift  cnyTHHK  ana  MOHHTopHHra  aTMoc(J)epbi  p  aa  ho  3aTMe  h  h  bi  m  MeToaoM 
no3BOJiaeT  peiiiHTb  aae  3aaanH: 

OOecneaeirae  raoSaabHoro  KOHTpoaa  aTMoctfjepbi  h  noayneHHe  MaccoBbix  aaHHbix 
o  BbicoTHbix  npotjMaax  TeMnepaTypbi,  aasneHHH  h  BJiaxcHocTH  c  tohhoctbio  h 
pa3pemeHHeM  no  Bbicoie,  cpaBHHMbiMH  c  tohhocthmh  TpamnjnoHHbix 
MeTeopojiorHHecKHX  H3MepeHHH.  Byaer  peaaH30BaH  KOHTpoab  aTMoccJiepbi  h 
nojiyHeHH  aaHHbie  o  MereonapaMeTpax  Haa  oKeaHaMH  h  BbicoKOiimpoTHbiMH 
oSaaCTHMH  ApKTHKH  H  AHTapKTHKH  CO  3HaHHTejIbHO  SoJIbUieH  npOCTpaHCTBeHHOH 
njioTHocTbio,  hcm  3to  neaaeT  coBpeMCHHaa  MHpoBaa  MeTeopoaoraaecKaa  cnyac6a. 
Byayr  BbiaBaeHbi  npH3HaKH  SKoaoranecKH  3HanHMbix  H3MeHeHHH  coctohhhh 
aTMoc(J)epbi,  o6yc;ioBaeHHbie  MoniHbiMH  aHTponoreHHbiMH  h  npHpoaHbiMH 
(jSaKTopaMH. 

OcymecTBaeHHe  raoSaabHoro  KOHTpoaa  coctohfihh  noHoccjjepbi.  ByaeT 
peaaH30BaH0  naSaroacHHe  3a  BapnannaMH  BbicoTHoro  npo(J)Haa  aaeKTpoHHon 
KOHneHTpanHH  c  OoabinoH  npOCTpaHCTBeHHOH  naoTHocTbio  no  noBepXHoera 
3eMan  h  c  BbicoKHM  pa3pemeHHeM  no  BbicoTe.  CnyTHHK  no3BoaHT  H3yaHTb  cBH3b 
aTMOCti)epHbix  HBacHHH  b  CTpaToc<})epe  c  BapHannaMH  BepraKaabHoit  CTpyKTypbi 
HHiKHeH  HOHOC(J)epbI. 

2.  3anycK  oaHoro  Maaoro  3aTMeHHoro  cnyTHHKa  no3BoaHT  bhccth  OoabuioH  BKaaa 
b  npaKTHnecKyio  MeTeocayac6y  Pocchh,  TaK  KaK  Ha  peryaapHOH  ocHOBe  6yayr 
noayaeHbi  MeTeoaaHHbie  aaa  oSiiiHpHbix  ceBepHbix  h  apKTHaecKHx  TeppHTOpHH 
Pocchh,  a  Tanace  aaa  Thxoto  oKeaHa,  npHMbiKaioinero  k  aaabHeBOCTOHHbiM 
paiioHaM  P3>. 

3.  Pa3pa6oTKa  h  (JjyHKHHOHHpoBaHHe  oaHoro  6a30Boro  paaH03aTMeHHoro 
cnyTHHKa  oOocHyeT  HeoOxoaHMocTb  KacceTHoro  3anycxa  cepHH  Maabix  3aTaeHHbix 
cnyTHHKOB,  hto  no3BoaHT  Pocchh  bmhth  b  anaepbi  co3aaHHa  Mea<ayHapoaHOH 
paaH03aTMeHH0H  MeTeocayacObi. 

4.  OcHOBHbie  xapaKTepHCTMKPi  Maaoro  cnyTHHKa  caeayroinne; 

-  Macca  cnyTHHKa  40,0  Kr; 

-  op6HTa  KpyroBaa,  HaKaoHeHne  opSHTbi  93°-101°; 

-  BbicoTa  op6HTbi  650  km; 

-  BpeMH  cymecTBOBaHHH  cnyTHHKa  4  roaa; 

-  opHeHTaijHH  TpexocHaa.  ycnoKoeHHe  BpanreHHK  BOKpyr  och  rpaBHTannoHHOH 
opneHTanKH  ocymecTBaaeTca  MarHHTHbiM  aeMn(|)epoM. 

5.  CnyTHHK  CKOHCTpyHpOBaH  B  BHae  aByX  6aOKOB,  COeaHHeHHbIX  pa3aBHXCHOH 
niTaHroH.  "BepxHHH"  6aoK  coaepxHT  paanoKOMnaenc,  a  "hhxchhh"  aacTb  Bee 
aaeMeHTbi  aaeKTponHTaHHa.  IlpH  Bbixoae  Ha  op6HTy  no  nporpaMMe  nponcxoaHT 
pa3aBHDKeHHe  3THX  6aOKOB  Ha  paCCTOHHHe  4. ..7  MeTpOB. 

6.  Bee  ocHOBHbie  aaeMeiiTbi  paaHOKOMnaeKca  h  KOHCTpyKHHH  cnyTHHKa 


C.  Abzuomhh,  A.  Bojikob,  H.  Hbbhob,  F.  MaKCHMOB,  C.  MaxioroB,  A.  HaBejibeB, 
B.  PoraiibCKHii,  B.  Ca.iHmeB,  A.  CejiHBaroB,  K).  Tpwj)OHOB,  O.  FIkobjicb 


oTpa6oTam>i.  BpeMH  htfotoba  e  h  h  a  cnyTHHKa  18  MecnneB  nocjie  Haqajxa 
(J)HHaHCHpOBaHHB  paboT. 

7.  CnyTHHK  mojkct  6biTb  sanymeH  b  KauecTBe  AononHHTenbHOH  Harpy3KH  b 
ruiaHOBOM  nycKe  c  noMombio  paiceTbi-HocHTejia  "CTapT-  1 


JlHTepaTypa 

1.  ilKOBJieB  O.H.  Pa^HonpocBe^HBaHHe  aTMoccJiepbi  3eM;m  KaK  cnoco6  c6opa 
MCTeoAaHHbix.  //b  kh.:  IIIyTKa  A.M.,  KyTy3a  BX,  Bkobacb  O.H.  h  AP-  Htoth 
HayKH  h  TexHHKii.  Pa/i,HOTexHHKa.  M.:BHHHTH.  1978.  t.16.  c.173. 

2.  KajianiHHKOB  H.3.,  JIkobacb  O.H.  O  bo3mojkhocth  HccnenoBanHa  aTMoafcpbi 
3eMJiH  MeroaoM  paAHonpocBeuHBaHHA.  //  KocMHHecKHe  HccjieflOBaHHa.  1978. 
t.16.  Nq6.  c.943-948. 

3.  KajianiHHKOB  H.3.,  MaTioroB  C.C.,  llaBejibeB  AX.  JIkobacb  O.H.  AHanH3 
oco6eHHOCTeH  Meio^a  paAHonpocBeHHBaHHA  aTMOCcjiepbi  3eMAH  //B  kh.: 
OjieKTpoMarHHTHbie  boahbi  b  arwoc^epe  h  kocmhmcckom  npocTpaHCTBe . 
M.  Hayxa.  1986. 

4.  EjiHceeB  C.R.,  JIkobacb  O.H.  O  paAHonpocBeHHBaHHH  aTMO«|)epbi  3eMAH  b 
Awana30He  MHJiJiHMeTpoBbix  paanoBoan.  //MaBecxHA  By30B.  PaAHorj)H3HKa.  1989. 
t.32.  N°l.  c.3-10. 

5.  KajiauiHHKOB  H.3.,  MaTioroB  C.C.,  JIkobacb  O.H.  Bahahhc  HOHOcc[)epbi  Ha 
napaMeTpbi  cnrHajia  npH  paAHonpocBeuHBaHHH  aTMoc^epbi  3eMJiH. 
//Pa^HOTexHHKa  h  3JieKTpoHHKa.  1986.  t.31.  N°l.  c. 56-59. 

6.  BKOBJieB  O.H.,  rpHHIMaHOBCKHH  B.A.,  EjlMCeeB  C.fl.  h  AP- 
Pa^HonpocBeHHBaHHe  aTMoc<|>epbi  3cmah  c  noMombio  flByx  cnyTHHKOB.  ///Jokji. 
AH  CCCP.  1990.  t.315.  Nel.  c.101-103. 

7.  ilKOBJieB  O.H.,  Bhjikob  H.A.,  IpHiuMaHOBCKHM  B.A.  h  ap-  Pe^paKHHOHHoe 
ocnabAeHHe  npn  paAHonpocBeuHBaHHit  aTMoc^epbi  3eMJiw  Ha  Tpacce  cnyTHHK- 
cnyxHHK.  //PaAHOTexHHKa  h  aneKTpoHHKa.  1992.  t.37.  N°l.  c.42-48. 

8.  Bhjtkob  H.A.,  MaTioroB  C.C.,  JIkobacb  O.H.  OjiyKTyauHM  aivinjiHTyAbi  npw 
paaHonpocBeHHBaHHH  aTMOccpepbi  3eMjiH  Ha  Tpacce  cnyTHHK-cnyTHHK.  // 
Pa^HOTexHHKa  m  ajieKTpoHHKa.  1993.  t.38.  N°5.  c.795-803. 

9.  MaTioroB  C.C.,  JIkobacb  O.H.,  Bhjikob  H.A.  noraomeHHe  caHTHMeTpoBbix  h 
^eiiHMeTpoBbix  paahoboah  npH  3axMeHHbix  BKcnepHMeHTax  Ha  Tpacce  cnyTHHK- 
cnyTHHK.  //  PanHOTexHHKa  h  ajieKTpoHHKa.  1994.  t.39.  N°8-9.  c. 1251-1258. 

10.  Yakovlev  0.1.,  Matyugov  S.S.,  Vilkov  I. A.  Attenuation  and  scintillation  of  radio 
waves  in  the  Earth's  atmosphere  in  radio  occultation  experiments  on  the  satellite  - 
to-satellite  link.  //Radio  Science.  1995.  v.30.  p.591-602. 

11.  ilKOBJieB  O.H.,  Bhjikob  H.A.,  3axapoB  A.H.  h  AP-  H3MeHeHHe  nacTOTbi, 
3ana3AbmaHHe  h  pecbpannHA  paAHOBOAH  b  3aTMeHHbix  3KcnepHMeHTax  Ha  Tpacce 
cnyTHHK-cnyTHHK.  //PaAHOTexHHKa  h  SAeKTpoHHKa.  1995.  t.40.  N°9.  c.  1339-1346. 

12.  5lKOBjieB  O.H.,  MaTioroB  C.C.,  Bhakob  H.A.  h  Ap-  OnyKTyauHH  cjmbi  h 
nacTOTbi  paAHOBOAH  npn  aaTMeHHbix  SKcnepuMemax  Ha  Tpacce  cnyTHHK-cnyTHHK. 
//  PaAHOTexHHKa  h  aneKTpoHHKa.  1996.  t.41.  N°9.  c.  1088- 1093. 

13.  Hardy  K-.R.,  Hajj  G.A.,  Kursinski  E.R.  Accuracies  of  atmospheric  profiles 
obtained  from  GPS  occultations.  //International  Journal  of  satellite 
communications.  1994.  v.12.  p.463-473. 

14.  Kursinski  E.R.,  Hajj  G.A.,  Hardy  K..R.  et.al.  Observing  tropospheric  water 
vapor  by  radio  occultation  using  the  Global  Positioning  System.  //Geophysical 
Research  Letters.  1995  v.22.  N°17.  p.2365-2368. 


C.  Ab/iioiiihh,  A.  Bojikob,  H.  Hbshob,  f.  MaKCHMOis,  C.  MaTioroB,  A.  IlaBenbeB, 
B.  PorajibCKHH,  B.  CanmucB,  A.  CejiHBanoB,  K3.  Tpn<J>onOB,  O.  Akobjibb 


15.  Kursinski  E.R.,  Hajj  G.A.,  Bertiger  W.l.  et.al.  Initial  Results  of  Radio 
Occultation  Observations  of  Earth's  Atmosphere  using  GPS.  //SCIENCE.  1996. 
September  4.  v.271.  p.l  107-1110. 

16.  Hajj  G.A.,  lbanez-Meier  R.,  Kursinski  E.R.,  Romans  L.J.  Imaging  the 
ionosphere  with  the  Global  Positioning  System.  //  International  Journal  of  Imaging 
Systems  and  Technology.  1994.v.5.p.l74. 

17.  Ware  R.,  Exner  M.,  Feng  D.  et  al.  GPS  Sounding  of  the  atmosphere  from  low 
Earth  Orbiter:  Preliminary  results.//  Bull.  Amer.  Met.  Soc.  1996.  v.77  .  Nsl  .  p.  19- 
38. 

18.IIaBe.JibeB  AT.,  3axapoB  A.M.,  KyucpuBeiiKOB  A.H.  h  aP-  OcoSeHHOcTH 
pacnpocTpaHeHHn  oTpaxceHHbix  ot  noBepxHocra  3cmjih  paahoboah  npn  Manbix 
yrjiax  MecTa  Ha  Tpacce  cnyTHHK-  reocTaitHOHap  //PaAHOTexHHKa  h 
ajieKTpoHHKa.  1997.  t.42.  Nsl.  c. 52-57. 

19. Py6amKHH  CT.,  ITaBejibeB  AT.,  Rkobjicb  O.H.  h  AP-  OipaxceHHe  paahoboah 
noBepxHocTbio  OKeaHa  npn  bHCTaTHuecKOH  AoxaitHH  c  ncnojib30BaHneM  AByx 
cnyTHHKOB.  //PaAHOTexHHKa  h  aneKTpoHHKa.  1993.  t.38.  Ns  3.  c. 447-453. 

20. MHTepd>eHCHbiH  KompoAbHbiH  AOKyMeHT  CHTeMbi  rjIOHACC.  Global 
Navigation.  Satellite  System.  Interfase  Control  Document. 

21.  MBaHOB  H.E.,  CajmmeB  B.A.,  BHHorpartoB  A.  A.  HanpaBAeHHa 
coBepmeHCTBOBaHHa  CHCTeMbi  TJIOHACC.//  /JoimaA  Ha  MexcayHapoAHow 
KOH(j)epeHHHH  HHCTHTyra  HaBHraiiHH  CLUA,  1995  r.  Ways  of  GLONASS  System 
Advancing.  Ivanov  N.,  Salischev  V.  and  Vinogradov  A.,  RISDE,  Proceedings  of 
ION-95. 


C.  ABfliomHH,  A.  Bojikob,  H.  Hbbhob,  F.  MaKCHMOB,  C.  ManoroB,  A.  FlaBejibeB, 
B.  PorantCKHH,  B.  CanniueB,  A.  CejiHBaHOB,  K).  TpH<j>onoB,  O.  XKOBJieB 


Small  satellite  for  monitoring  atmosphere  and  ionosphere 
by  radiooccultation  method 

S.  Avdyushin,  A.  Volkov,  N.  Ivanov,  G.  Maximov,  S.  Matyugov,  A.  Pavelyev, 
V.  Rogalskij,  V.  Salischev,  A.  Selivanov,  Yu.  Trifonov,  O.  Yakovlev 
Institute  of  Radioengineering  and  Electronics  of  RAS 
141120  Fryazino,  Moscow  region,  Vvedenskogo  sq.,1 
Fax:  (095)  702  9572,  e-mail  oiyll7@ire216.msk.su 

Radiooccultation  method  allows  revealing  altitude  profiles  of  the  electron 
density,  temperature,  pressure  and  humidity  with  high  resolution  in  height  and 
with  accuracy  comparable  with  precision  achieved  in  modern  meteorology.  High 
accuracy  of  radioccultation  method  revealed  during  experiments  which  were 
provided  in  various  region  of  the  Earth  and  accomplished  in  Russia  in  1989-1998 
years  using  orbital  station  “MIR”  and  geostationary  satellites,  and  in  USA  in 
1995-1998  years  by  means  of  small  satellite  “MICROLAB-1”  and  navigational 
satellites  GPS/GLONASS.  The  possibility  of  measurement  of  electron  density 
distribution  in  ionosphere  in  the  height  interval  80-350  km,  altitude  profiles  of 
the  temperature,  the  index  of  turbulence  of  atmosphere,  discovering  of  inversion 
layers  in  the  altitude  range  1-35  km  were  established. 

The  results  of  experimental  verification  of  radiooccultation  method  of 
monitoring  of  ionosphere  and  troposphere  in  decimeter  and  centimeter 
waverange  using  orbital  station  “MIR”  and  geostationary  satellites  are 
described. 

Project  of  the  small  satellite  for  monitoring  atmosphere  and  ionosphere  by 
radiooccultation  method  is  discussed.  Monitoring  is  provided  during 
radioimmersion  of  the  small  satellite  in  the  Earth’s  radioshadow  zone  relatively 
to  navigation  satellite.  During  occultate  radiobeam  accomplished  an  altitude 
section  of  ionosphere  and  atmosphere.  The  small  satellite  allows  to  carry  out  the 
control  of  the  environments  in  interests  of  meteorology,  physics  of  atmosphere 
and  ionosphere  by  means  of  analysis  of  altitude  profiles  of  electronic 
concentration  in  ionosphere,  temperature,  pressure  and  humidity  in  atmosphere 
in  global  scale  including  ocean  regions  and  high  latitude  arctic  and  antarctic 
areas  with  large  spatial  density.  The  onboard  measuring  radiocomplex  of  the 
small  satellite  includes  the  multichannel  receiver  of  signals  of  the  navigating 
satellites  GLONASS/GPS,  ensuring  measurement  both  phase  and  amplitude 
variations  of  signals  caused  by  atmospheric  and  ionospheric  changes  and 
determination  of  a  vector  of  a  position  of  the  small  satellite.  The  radiocomplex 
of  the  small  satellite  provides  transmitting  the  information  on  the  ground  station 
also.  The  design  of  the  satellite  consists  of  two  blocks,  which  are  separated  from 
each  other  using  a  folding  bar  on  the  distance  of  6  m  after  launch  on  an  orbit. 
Weight  of  the  small  satellite  is  38  kg,  orbit  is  circular  with  height  650  km, 
inclination  of  an  orbit  is  93°  -101°,  the  time  of  active  existence  of  the  satellite  is  4 
years,  stabilization  of  the  satellite  is  one-axis  gravitational.  An  opportunity  of 
creation  of  international  system  of  radiooccultation  monitoring  of  atmosphere 
and  ionosphere  is  discussed. 


Pa3BHTHe  paflHorojiorpa<j)HHecKHx  HccjieaoBaHHft  3cmhoh 
noBepxHOCTH  Ha  Tpacce  cnyTHHK-cnyTHHK 


A.  BojiKOB,A.3axapoB,A.KyHepaBem<OB,  C.KpyTtix,  A.  IlaBejrBeB,  O.  ilKOBJieB 
HHCTHTyT  paflHOTeXHHKH  H  3JieKXpOHHKH  PAH 
141 120  r.  <Dpji3HHO,  MocKOBCKaa  o6jiacxt,  nji.  BBeaeHCKoro,  1 
Oaxc:  (095)  702  9572,  e-mail  agpl  17@ire216.msk.su 


BfleneHne 

riepBbie  BKcnepHMeHTbi  aByxno3HpHOHHOH  paaHonoKapHH  3cmjih2 
npoBo^HJiHCb  Ha  ocHOBe  MeTO^HKH,  pa3pa6oTaHHOM  paHee  npn 
HccaeaoBaHHax  JlyHbi  h  BeHepbi.  JXnn  cayaaa  HccaeaoBaHHH  3eMHOH 
noBepxHOCTH  3Ta  MeTO^HKa  B,OJI>KHa  yTOHHHTbCH  H  BHaOH3MeHHTbCH  C 
yaeTOM,  KaK  cymecTBeHHo  6ojibmero  pa3Hoo6pa3Ha  ccTecTBeHHbix 
noKpoBOB  3eMJiH,  TaK  h  ocoSeHnocTeft  pacnpocTpaHeHMH  paanoBojiH  b 
3eMHOH  aTM0C(J)epe  npH  Majibix  yrjiax  Mecra.  YKa3aHHbie  ycaoBHa  pe3K0 
OTJiHHaioTCB  ot  cyipecTByiomHx  b  aTMOccf)epe  Benepbi,  rae  Bcerpa  MMeeTca 
ypOBeHb  KpHTHHeCKOH  pecJipaKHHH,  H  pe())paKUHOHHbie  3(}x|)CKTbI 
BbipaxeHbi  b  MaKCHMajibHOH  cTeneHH.  B  aTMoc(J)epe  3eMJiH  irpn  cpeaHHx 
ycjioBHHX  ypOBeHb  KpHTHaecKOM  pecJjpaKHHH  oTcyrcTByeT,  3to  no3BoaaeT 
npocjiexcHBaxb  oTpaxceHHbin  curHaji  BnaoTb  ao  3ohw  paanoTeHH  h 
Ha6jiK>aaTb  ero  HHTep(J)epeHH,MK)  c  npaMbiM  cnrHaaoM.  AHajiH3  bb/ichkh 
pacnpocTpaHeHHa  OTpaacenHoro  cHruana  b6ph3m  3ohw  paanoTeHH  TpeSyeT 
co3aaHHH  cooTBeTCTByiomeH  paaHO(J)H3HqecKOH  Moaean,  3anaaen  kotopoh 
BBaaeTca  onncaHMe  cBH3en  Mex<ay  aMrunnyaoH,  aacTOTOH,  4)a3oii  h 
cneKTpoM  oTpaxceHHoro  cnrHajia  h  paaHO(f)H3HaecKHMH  napaMeTpaMH 
3eMHOH  noBepxHOCTH,  a  Taioxe  BepTHKaabHbiM  npo<f>HneM  noKa3axejiH 
npejioivuieHHH  h  norjioineHHH. 

AH_ajiH3  BJiHBHHH  aTMoetbepM  3cmjih  Ha  H3MCDCUHM  napaMeTpoB 
noacrajiaiomeH  noBeoxuocm. 

Ha  phc.  1  npeacxaBJTeHa  cxeMa  6ncTaTHuecKOH  p aa.H o jto Ka ij h m 
3eMPH.  ToHKaMH  T  h  G  o6o3HaaeHbi  noaoaceHHe  HM3Koop6niaabHoro 
cnyTHHKa  h  reocTannoHapa,  ToaKa  O  coBnaaaeT  c  peHTpoM  3eMJin,  ToaKa 
D  aBJiaeTca  topkoh  3epKaabHoro  OTpaxeHHH  ot  ccj^epMaecKOH 
noBepxHOCTH  njiaHCTbi.  JlyaeBbie  TpaeKTOpHH  1  h  2  cooTBeTCTByioT 
TpaccaM  pacnpocTpaHeHHa  npaMOH  h  oTpaaceHHOH  paanoBOJiH.  npn 
3axoae  cnyTHHKa  T  b  30Hy  paaHOTeHH  TpaeKToppp  1  m  2  Moryr 
HCKpHBPHTbCH  BCaeaCTBHe  BJIHHHHH  pe(J)paKnHH  B  HOHOC(f)epe  H 
Tponoc^epe.  M3-3a  pa3aHHHH  yraoB  Me>Kpy  KacaTeabHbiMH  k  nyaaM  1  h  2 
B  TOHKe  T  H  BeKTOpOM  CKOpOCTH  HH3KOop6HTaabHoro  cnyTHHKa  V 
aonjiepoBCKHe  aacTOTbi  npHMOH  h  oTpaaceHHOH  papHOBOJiH  He  coBnapaiOT. 
Pa3H0CTb  aacTOT  npaMoro  n  oTpaxceHHoro  cnrHajia  A F(t)  CB«3aHa  c 
BejiHaHHOH  yraa  2a  Mexpy  KacaTe/ibHbiMH  k  ayaeBbiM  TpaeKTopHHM  1  h  2 
b  ToaKe  T  (pnc.  1): 


BojiKOB,A.3axapoB,A.KyHepflBeHi<OB,  C.Kpyrbix,  A.  riaBenteB,  O.  flKOBjieB 


a  -  arctg{AAF  /  V±  +{vl  +2XAFVn  ~/l2(AF)2j  }  (1) 

rpe  X  -  pjiHHa  papHOBOJiH,  VL  ,  V//  -  KOMnoHeHTbi  cKopocra  cnyTHMKa  V, 
napajuiejibHbie  nnocKOCTM  TGO.  KoMncmeHTa  VL  nepneHPMKyjiHpHa,  a 
KOMnoHeHTa  K//  napajuiejibHa  npHMOM  TG.  M3  (1)  cjiepyeT,  mto  no 
3aBHCHMOCTH  A F(t)  MO)KHO  HaMTM  (J)yHKMMK)  a(t).  Ha  pnc.  1  nOKa3aHbI 
TaioKe  yrojr  cKOJibJKeiiMa  pa/inoBOjiH  <\>  b  Tonxe  D  n  yroa  pccjxpaKHHM  B 
cjiynae  c^epnnecKM  cmmmctpmhhom  aTMoc(J)epbi  BbinoJiHaeTca  3aKOH 
CHejurayca: 

p-n(a)acos(f)—Rsin{0t-2a )  (2) 

me  6{  -yrojr  c  BepniMHOM  b  totkc  7  Mexmy  KacaTejibHOM  k  jiyneBon 
TpaeKTopHH  /  m  HanpaBjieHMeM  TO ,  7?-paccTOMHMe  cnyTHHK-iieHTp 
3eMJin,  p  -npnnejibHbiH  napaMeTp,  cooTBeTCTByiomnn  peHTpy 
oTpaxcaxoinen  o6jiacTM-TOHKe  D,  n(a)  -  noKaaaTejib  npejioMJieHHH 
aTMOcc|)epbi,  a-pa^nyc  3cmjim  b  tomkc  D. 

CymecTByeT  ycTaHOBJieHHan  b  3  ripnimKrinajibHaa  B03M0>KH0CTb 
onpeaejieHun  yrjia  CKOJibxeHHJi  <p  H3  (2)  npn  ycjioBMM,  hto  AocTaTonno 
BbICOKa  TOMHOCTb  TpaeKTOpHbIX  paHHbIX  O  nOJIOXCeHMH 
HH3Koop6HTajibHoro  cnyTHMKa,  a  Taoce  H3BecTHO  3HaneHMe  napaMexpa 
n(a)a.  B  otom  c/iynae  MoxceT  6bitb  onpepejieH  yroa  pe(|)paKHHH  pannoBOJiH 
b  TOHKe  D  L.  Cbm 3b  Mcxcuy  yrji'OM  pe^paKUMM  Lip),  yrJioM  CKOjTK*:eHMfl  (f>  h 
(JjyHKpHeM  a(t)  MMeeT  bma: 

a- 0,5  ( circsin( Rsin  9/Rg) -arcsin(p/Rg))  (3) 

me  Rg  -  paccTOMHHe  reocTapMOHap  —  pemp  3eMJiH.  ripn  Rg-^> 00  (3)  nepe- 
xopHT  b  M3BecTHoe  cooTHomeHMe,  nojiyneHHoe  paHce  b  4:  £,—(j)-a. 

TaKMM  o6pa30M,  M3MepeHH bin  no  pa3HOCTM  ponjiepoBCKHX  nacTOT 
yroa  a  no3BOjmex  onpepejiMTb  yroa  (p  M3  (2)  h  yroji  L(4>)  M3  (3)-  Tohhoctb 
onpepejieHHH  yrnoB  <f>  h  £  onpepejiaeTcn  norpeuiHocTMMH  b  H3MepeHMH 
A F(t)  H  OniH6KaMH  B  TpaeKTOpHOH  HH(|)OpMaU,HH. 


O 


Phc.1 

Mmcctcb  ppyroM  Baxiibin  papn  o  (ji  m  3M  n  e  c  k  m  m  napaMeTp, 

onMCbiBaioipMM  B03peHCTBne  aTM0C(J)epbi  Ha  aMTUTHTypy  OTpaxcenirbix 


..  BoJiKOB,A'3axapoB,A-KyMepHBeHi<OB,  C.Kpyrwx,  A.  riancjii.en,  O.  XIkobjicb 


paflHOBOJIH,  KOTOpbIM  MOXHO  OnpefleJIMTb,  3Haa  (J)yHKIl,HK)  A F(t).  3tot 
napaMeTp  cBsoaH  c  Koa^cJiHUneHTOM  oTpaxceHHB  pa^HOBOJiH  ot 
noBepxHocra  3eMJiH  //2(^) .  Flo  onpe^ejieHHio,  K03c|)4)HLiHeHT  rj1  [(f)  ajih 
cjiyqaa  H30TponHbix  AHarpaMM  upweMHOH  m  nepeaaiomeH  aHTeHH  paBeH: 

l]2(0)  =  W()IW p  =  crR?g  / UnR^Rl  (4) 

rue  Wq,  Wp  -cooTBeTCTBeHHo  niroTHocTb  noTOKa  moiuhocth  OTpaxceHHoro 
H  npBMOro  CHTHaJIOB  y  npHeMHOH  aHTeHHbl,  a  -  3(J)C[)eKTHBHbIH 
nonepeHHMK  pacceHHHB  paAHOBOJiH  noBepxHocTbio  3eMjiH,  Rtg,  Rj,  R2  - 
paccTOBHHB  TG,  TD  w  DG. 

CorjiacHO  TeopHM  pacceqmra  pa^HOBOJiH  noBepxHocTbio  njiaHeTbi, 
OKpyxeeHHOH  aTMOC(J)epOH5,  K03(J><t)HLi;HeHT  OTpaXCeHHH  CBH3BH  c 
pe^paKiiHOHHbiM  ocjia6jieHHeM  Ha  Tpaccax  TD  X ,2  h  DG  X] 
cooTHomeHHeM: 

rj2(<f>)  =  XtX22D2V2(<t>)  (5) 

me  D 2  -  K03(J)(j3HLlH6HT  CCjDepHHeCKOM  paCXOAHMOCTH  pa^HOBOJIH  npH 
OTpaxceHHH  ot  noBepxHocTH  njiaHexbi,  K034xJ)Hii,HeHT  OTpaxceHHH 

nnocKOH  bojihh,  najiaiomeH  no#  ymoM  cKOJibxceHHB  <p  k  iijiockoh 
rpaHHpe  pa3AeAa  aTMoc4)epa^rpyHT.  Kos^pmueHT  V2(0)  3aBHCHT  ot 
^HBJieKTpHHecKOH  npoHMuaeMocra  rpymra  3eMJiH  e.  B  cjiyqae  KpyroBOH 
nojiBpH3au,HH  pa^HOBOJiH  h  oAHopoAHoro  rpyHTa  CBH3b  F2(^)  c  ymoM 
CKOJIbXCeHHB  <j)  H  E  AaeTCB  COOTHOMeHMHMH: 

yA{<p)  =  (rg  +  rv)  /  4,  rg  =  U~l)/(4  +  l), 
rv  =  (sA  -  l)  /{eA  +  l),  A  =  sin  (j)  /  (s  -  cos2  <p)X'2 

BbipaaceHHH  ajih  bcjimthh  X 2 ,  X2 ,  D2  6bijtm  nojiyqeHbi  paHee  b  5> 6 
h  HMeioT  cjie^yiomMH  bha: 

x\  =  n 2  (a)R2  (i?,7 )  [cos(^  -£)  +  <?,  sin  <^j  '  [l  -  (l  +  q ,  sin  (f)d%  /  d<f\  '  cos  </>  (7) 

XI-RI[r!2)  [cos(^-^)  +  ^2  sin^]  '[l-(l  +  g2  sm(f)d^/ d(f>Y  cos^  (8) 


D2  =  a2R2XR~ 


+ 


sin(^-£)  + 


sin(^  -  d)  +  q{  cos 
cos {(j)  -  %)  +  q{  sin 

(l  +  g2  sin  </>) 


<?2  cos  £]/[cos(^  ~  <%)  +  q2  sin  £]}  -It — v~  2  ,  - (9) 

[1  -  (l  +  qx  sin  (p)d£,  /  d<f> ] 

(l +  <?2  sin  «»)/[  »-(l  +  ?!  sin  tg(j) 

q\,2=n{a)al{Rlh2)  ’Rig  =(K2g-P2)  -n(a)a*sin(<f>),Rs  =  R  (10) 


A.  BojTKOB.ABaxapoB.A.KyMepaBCHKOB,  C.Kpyttix,  A.  FlaBejiteB,  O.  aKOBJieis 


2  2  2 

CooTHomeHHH  (7)  -  (10)  cBsrabmaiOT  BejMMHHbi  Xx  ,  X2 ,  D  c 
napaMeTpaMM  a,  xapaKTepH3yioniMMH  noiioxenne  AByx  cnyraHKOB  n 

3eMJiH,  a  Taioxe  c  npnnejibHbiM  paccTOBHHeM  p,  yrJiaMH  pc(|)paKii,HH  m 
CKOJIKJKeHHB  H  (j).  C  noMombio  BbipaxceHHH  (7)-(10)  MO>KHO  OIIpejieJIHTb 

npoH3BeneHHe  X2x-X\-D2  xax  c^yHKUMio  yoa  0  h  napaMeTpa  p.  M3 
pMC.  1  cjreayeT,  mto  yron  0  c  BepmnHOM  b  Tonice  O  mcxcav  npflMbiMH  TO  h 
OG  paBeH: 

<9=  7r-2(  ^)-arcsin(p//?)-arcsin(p/ Rg)  (11) 

npH  nocTOBHHbix  3HaneHMMX  R,  Rgn  a  m  (11)  HaxoAHM: 

dGI dp  =  n{a)ct  [R2 -p2y\R2g-p2)V2 q,q2  ^  *  (12) 

[2  +  {qx  +q2)sin<f>-2(\  +  q[sm<l>)(\  +  q2  sin (£)d%l d(£\ 
rioflCTaBJiHB  (7)-(12)  b  (5),  nojxynMM  cjreAyiomee  BbipaxeHHe  pm 
K03(J)(|)HPHeHTa  OTpaxeHHBI 

p2(<P)  =  D2V2(</>),D2=X2X22D2  (13) 

d)  =  pR\  (r2  - p2)V2 {K  - pT RRs  [sin0^0/ °pV  <14) 

cr  =  AnR]RlD]V2($)l  R%  (15) 

CooTHoineHHH  (14),  (15)  CBM3biBaioT  HHTerpajibHyio  noBepxHocTb 
pacceBHHH  noBepxHocTH  nnaHeTbi  cr  h  <t>aKTOp  D2  c  "BHeuiHHMn" 

napaMeTpaMM:  npmjejibHbiM  paccTOMHHeM  p,  yraoM  0  h  paccTOMHMMMH  R, 
Rg)  Rtg,  Rj,  R2,  b  oTjnnme  ot  <|)opMyji  (7)-(12),  onpeiieJiHfomnx  yKa3aHHbie 
BejiMMHHbi  nepe3  " BHyrpe HHHe"  napaMeTpbi  (j> ,  n(ci),  a,  / 

C  apyroM  cTopoHM,  (JiopMyjia  (14)  coBna^aeT  c  HanASHHbiM  b 
cooTHomeHHeM  pm  pe^paKUMOHHoro  ocjiaSjieHMB,  cooTBeTCTByiomero 
jiyneBOM  TpaeKTOpMK  TG  b  cjiynae,  Korna  ohb  npoxoAMT  nepe3  aTMocc|)epy. 
OTJiHMHe  Mexn;y  npMMbiM  m  oTpaxceHHbiM  cnmanoM  bxoamt  b  (14)  TOJibKO 
HeaBHbiM  o6pa30M  nepe3  3aBMCMMocTb  6{p).  J\m  cjiynan  OTpaxeHHoro 
cnmajia  (11)  b  4>yHKUHio  6{p)  bxoamt  aonojiHHTejibHoe  cjiaraeMoe  2 <f>. 

TaKHM  o6pa30M,  KOS^xjbHHMeHT  C(J)epHMeCKOH[  paCXOaHMOCTH  D 2 
HMeeT  (|)H3HMecKHH  cmwcji  pe^paKHHOHiioro  ocjiaSaeHHH  paanoBOJiH, 
B03HHKaioLMero  xax  BCJie,n,cTBMe  pe^paKMHH  b  aTMOC(|)epe  Ha  Tpaccax  TD 
m  DG ,  TaK  h  M3-3a  H3MeHeHHH  nonepeqHoro  ceneHMH  jiyneBOH  Tpy6KM 

npH  OTpaXCCHMH.  OTMeTHM,  4TO  Bbipa>KeHMe  pm  D)  MO>KeT  6bITb 

Hcnojib30BaHo  pjin  onHcaHHM  HHTerpajibHOH  noBepxHocTH  pacceHHMB  b 
AocTaTOHHo  o6meM  cuyqae  c(|)epHqecKH  cHMMeTpMHHbix  cpea,  b  tom 
MMCJie  npH  AByxnO3MUM0HHOM  paAHOJIOKaHMH  CoJTHpa. 

BejiHMHHa  80/ dp  Moxcex  6biTb  BbipaxceHa  qepes  cf)yHKHHK)  oc(p), 
H3MepaeMyio  b  3KcnepHMeHTax  AByxno3HUHOHHOH  paAHOJioKanHM.  B 

pe3yjibTaTe  pm  K03(J)cJ)Mn,HeHTa  D2  mo>kho  nojiynMTb: 


A.  Bo^KOB,A.3axapoB,A.KyMepsBeHKOB:  C.Kpyrbix,  A.  riaBejibeB,  O.  Akobjicb 


(16) 


D 2  =  -pRfg  /  (RRg  sin 0{R]- p2)m{\  + 

+  2(/?2  -  p2)U2da  /  dp]} 

(RS~P  ) 

H3  (16)  cjieayer 

dal  dp  -  -{1  +(R2  -  p2)U2  l(R2g  -  p)m  + 

pR\  /  [RRg  sin  0(R2g  - p2)lnD2]} l[7{R2g  -  p2)m\ 

CooTHonieHHe  (16)  onpe^ejineT  D 2  Kaic  4>yHKii,mo  npupejibHoro 
napaMeTpa  p,  a  Bbipaxem-ie  (17)  CBH3biBaex  npoH3BO,QHyK>  da/ dp  c 
M3MepeHHOH  4)yHKU,Heft  D]  (t). 

Hnxce  paccMOTpuM  CBfl3b  Me^y  (|)aKTOpoM  D 2  n  BpeMeHHbiMH 


BapHapHBMH  HaCTOTbl  OTpaxeHHblX  paa,HOBOJTH  npH  B,Byxn03MU,M0HH0H 
paflHOJioKau,HH.  npH  3tom  noica:>KeM  xaoce  B03Mo>KHocxb  onpe^ejreHHB 

C^yHKpHH  D]  C  riOMOlULIO  TpaeKTOpHbIX  aailHbJX  M  (jDyHKIIHH  A  F(t). 

)],M(i){|)epeHUHpyH  3aBHCHMocxb  6(t)  no  BpeMeHH,  onpenejineM  nacxHyio 
nponsBoniiyio  30/dp\ 

d6/dp~ \dQ/dt-(dR/dt)(d6/dR))/(dp/di)  ( 1 8) 

H3  (2)  HaxoziHM  dp/dt 

dp/dt=  VfSin( 0+2a+G) + Vgcos(0+2a+G)  +d(2a+G)/dtcos(0+2a+G).  (19) 
y^HTblBaa  CBH3b  MOKny  KOMnOHeHTaMH  Vq,  Vr  H  V±,  V//. 
V9~Rdq/dt=V_iCos0+V//  sinG,  Vr=dR/dt=:V//cos0-V1sin0,  0—p-0-G,  (20) 
H3  (11),  (16)-(18)  nonyynM: 

D2  =  K  sin(^  -  2a>  L  Rd(2a  +  G)  _ 2 a _ 

[^R2  -  p1^'2  1  dt  cos  0(  Vu  sin  2a  +  V±  cos  2a 

BbIpa>KeHHe  (21)  flaex  B03M0>KH0CTb  BbIHHCJIHXb  K03(|)4)Hn;HeHT 
c^epnnecKon  pacxo^HMocxn  D2s  no  H3BecTHbiM  napaMexpaM  TpaeKTopnn 


cnyTHHKOB  0,  R ,  Rg,  V±,  V//,  a  xaioxe  no  Hann;eHHOH  M3  H3MepeHHH 
pa3HocTH  nacTOT  (JjyHKHMM  a(t).  3aTeM,  ncnojih3yfl  H3MepeHnn 
KoacJxJjHpneHTa  oxpaxceHna  rf ,  mo>kho  Hanxn  H3  (5)  (JjyHKnmo  V2{(f)  n 
onpe,n;ejiHTb  c  noMoipbio  (6)  BejinnnHy  e. 

lIojiyneHHbre  cJjopMyjibi  c£Bi3biBaiox  BHyrpeHHne  xapaKxepncxnKH 
aTMOc<|)epbi:  yron  pe^paKnnn  £  n  yron  cKOJibxceHnn  $  c  BHeniHMMH 


napaMeTpaMn  a  n  p,  cooxBexcxByiomHM  noKHHyBumM  axMoc^epy 
pa^noBOJiHaM.  YKa3aHHbie  cooxHomeHHH  onncbiBaiox  b  npnOjiMXceHHM 
c<J)epnnecKon  CHMMeTpnH  bjihahhc  aTMoccJjepbi  3eMJin  Ha  aMnjmxynHbie  n 
nacTOTHbie  xapaKTepncTHKH  oxpaxceiiHbix  pa^noBOJiH  npn  Majibix  yrnax 
MecTa,  ecjin  H3BecTHa  3aBHCHMocTb  noKa3axejin  npejioMjieHMH  ot  BbicoTbi, 
onpeflejimoman  ^yHKnnn  g(p),  a(p).  yxonHeHHH  Bn/ia  4>yHKLi;HH  %(p), 
a(p)  paccMoxpnM  pa#Hoc|)H3MHecKyK>  MOAejib  pc^paKHnn  b  3cmhoh 
axMoccJjepe  npn  AByxno3nnnoHHOM  pa/mojioKanMn. 


A.  Bo^noB,A.3axapoB,A.I<y4epaBeHKOB,  C.Kpynux,  A,  IlaBejibeB,  O.  ^Ikobjicb 


#jih  ormcaHKfl  pe^paKUHH  BBe^eM  ^yHKnmo  u(h),  3aBncamyio  ot 
MO/iH(|)niiHpoBaHHoro  noKa3aTeji5i  npejioMJieHMH: 

u(h)=  n2(r)r2 -n2(a)a2^2 ,  h^r-a,  (22) 

me  n(r),  n(a)-n o Ka3aTC ji m  npeaoMJieHHH  aTMoccjDepbi  Ha  ypoBHHX,  Haxo- 
AHiinixcH  Ha  paccTOHHHH  r  h  a  ot  peHTpa  3eMJIH. 

PaccMOTpMM  TaKXce  pec|)paKHHOHHyio  (JjyHKnwio  F(u),  nponopnno- 
iiajibiiyio  rpaaMCHTy  noKasaiejui  npejioMJieHMH  n 

F(u)—-n  'u/n,  n  'Ll=n  '/u  (23) 

BbicoTHbiH  npocj)HJib  n(r)  MoxeT  6biTb  BbipaxeH  b  napaMeTpHHecKOH 
(J)OpMe,  no  M3BCCTHOH  (jDyHKPHH  F(u),  eeJIH  3aBMCHMOCTb  MOflH(J)HLI,HpO- 
BaiiHoro  noKa3aTejiH  npejioMjieHHB  M(r)=n(r)r/a  ot  blicoth  MOHOTOHHa: 

W 

n(u)  =  n(a)exp  ^[-F(u)du],  (24) 

o 


r(u)  =  ( u 2  +  n{a)a)V2  exp  J  F{u)du 


K(u)  =  r  - 


u2  +  n2(a)a2y 


jjY  -  F(u )  ,  F(u )  =  -u  u2  +  n2(a)a2 


nr  1  +  n[ 


B  OTJIHMHe  OT  cjDyHKHMM  n(t')  CB5I3b  MOKfly  4>yHKl],HHMH  F(u)  H  yTJIOM 
pe(|)paKpHH  pa^HOBOjiH  %(p)  onHCbmaeTCH  JiHHenHbiM  HHTerpajibHbiM 


ypaBHeHKeM: 

oo 

g(p)  =  p^F(u)du(u2  +  s2)~V2;s2  =  n2(a)a2  - p2 ,  (27) 

o 


me  ^-npHnejibHbiH  napaMeTp,  cooTBeTCTByiomHH  ueHTpy  OTpaxcaiomen 
o6jiacTH. 

EcJIH  3aBHCHMOCTb  n( r)r  OT  r  HeMOHOTOHHa,  TO,  pa36MB  BbICOTHbIM 
npo(|)HJib  n(r)r  Ha  yqacTKH,  me  3Hax  npoH3BO^HOM  M'r  coxpaHHeTca, 
moxcho  flJM  Kaxmoro  H3  hhx  ocymecTBHTb  3aMeHbi  (22),  (23).  B  otom 
cxyqae  BXOAxinax  b  (24)  (JjyHKnHX  F(u)  6yaeT  KyconHo-HenpepbiBHon, 
nocKOjibKy  npoHcxoAHT  Hanoxcenne  bjihbhhb  omejibHbix  yqacTKOB  bbicot- 
hoto  npocJjMJiH  M(r). 

CTaH^apTHOH  3aBHCHMOCTH  nOKa3aTeJIH  npeJIOMJieHHB  OT  Bbl- 

coth7: 

n(r)=l+Nexp(-j3t(r-a))  (28) 

bha  (J)yHKUHH  F(u)  noKa3aH  Ha  pnc.  2  npM  ^=0.125  km,  a— 6400  km.  Ilo 
ropH30HTaJIbHOH  OCH  Ha  PMC.2  OTJIOXCeHbl  3HaHeHMB  ll  B  KM,  no  BepTH- 
KajibHbiM  ochm  BejiMHHHa  F(u)- 106  h  //-BbicoTa  b  aTMoccjaepe  3eMJin.  ICpn- 
Bbie  1,2,3  onncbiBaiOT  3aBHCHM0CTb  F(u)  npH  N(f=  320;  300;  280.  KpuBan  4 
noKa3bmaeT  cBX3b  Mexmy  BbicoTon  H=r~a  b  aTMOc(|)epe  3eMJiH  n  napaMeT- 
poM  u.  CornacHO  pnc.  2,  c|)yHKii,HX  F(u)  oOpantaeTcn  b  Hyjib  npH  u= 0, 
3aTeM  JiHHenHO  pacTCT,  AocTHran  MaKCMMyMa  npn  u— 202  km,  hto 


.  BojiKOB,A.3axapo6,A.Kyiiep!iBeHKOB,  C.KpyTMX,  A.  riaBejibeB,  O.  XicoBjieB 


cooTBeT cTByeT  BejiHHHHe  H- 2,5  km,  m  ySbreaeT  npaKTM'iecKM  n,o  nyjia  npn 
u  nopa^Ka  600-800km.  Ha  phc.  3  noKa3aHa  3aBMCHMocTb  F(u)  ot 
rpa^HeHTa  noKa3axeji5i  npejioM/ieHHH  pt.  no  BepTHKan bh  o  n  och  Ha  pHC.  3 
otjiojkchbi  3HaqeHHa  F(u)- 106,  no  ropH30HTanbHOH  och  -  BejiHHMHa  u  b 
km.  KpHBbie  1,  2,  3  cooTBeTCTByiOT  3HaneHHHM  $=0,1465;  0,1265;  0,1065. 
ComacHo  pnc.  3,  yBejiHneHHe  rpa/ineHTa  pt  H3MeHHeT  KaK  BejiHHHHy 
4)yHKt[HH  F(u),  TaK  h  ee  (|)opMy,  cMemaa  nojio>KeHMe  MaKCMMyMa  b  cto- 
pOHy  MeHblHHX  BbICOT  H. 

F(u)  H,  km 


3aBKCHMOCTb  pe^paKUHOHHOH  (JiyHKUHH  F(U)  ot  napaMeTpa  U  ppm 
CTaHjiapTHoro  npocpnna  rroKa32Tejui  npejioMJieHHH  b  aTMOccpepe  Scm.tm: 
n(h)=  1 ,0+ N0ex/)(-pth)  npn  No=320;  300;  280  h  pt=0,125  km'1  (KpHBbie  1, 
2,  3).  CBH3b  napaMeTpa  U  c  bmcotoh  H  HjrunocTpHpyeTCH  kphboh  4. 

F  (U)  H,  km 


Phc.  3.  3aBHCHMOCTb  pe(J)paKi|HOHHofi  4)yHKu;MH  ot  napaMeTpa  pt.  KpHBbie  1,  2,  3 
cooTBeTCTByiOT  3HaneHHKM  pt=0,145;  0,125;  0,105  km-1 


A.  Bo/iKOB,A.3axapoB,A.I<y4epflBeHKOB,  C.KpyTtix,  A.  PlaBeabeB,  O.  TIkobjibb 


Pe3yjibxaxbi  HHCJieHHbix  paenexoB  F(u)  h  cooTHomeHHe  (27)  paiox 
B03MoxcHOCTb  npoaHajiH3HpoBaxb  3aBHCHM0CTH  £,(p)  m  d%(p)/dp.  KaK 
OTMeqajiocb  Bbirne,  BenwaiMHa  d%/dp  onpepejmex  BejranHHy 
pe(|)paKpMOHHoro  ocjiaSjieHHH  npM  Majibix  yrjiax  Mecia.  CornacHo  (28) 
npn  s>u,  me  um  -  3HaqeHHe  u,  cooxBexcxByiomee  BepxHen  rpaHMue 
axMoccfiepbi,  um~ 700  km,  77-45  km,  HaxopHM: 


00 

£(/?)  «  ps~l  J  F(u)du  =  psA  In (n(a)),  sin  <f)  f  um  /  n(a)a  (29) 


o 

3xo  npn6jiHX<eHMC  cooTBeTCTByeT  H3BecxHOH  TeopeMe  JIanjiaca,  onncbi- 
BaiomeH  pe^paKpmo  npn  Sojibiiimx  yrjiax  MecTa,  <f>5.  npn  MeHbiimx  3Ha- 
HeHHHX  S  AJIH  3aBHCHMOCTH  %(p)  CXaHOBMXCH  BaXCHOH  (J)OpMa  (JtyHKpHH 
F(u),  KOTopan  orrpepejmex  aMnuHTy^Hbie  m  qacxoxHbie  xapaKxepHcxHKH 
OTpaxceHHbix  papHOBOim  b6jim3h  30Hbi  paflHOTcnn.  Rnn  BCjiHBMHbi  dF/dp 

M3  (27)  HaxotfHM: 


d%_ 

dp 


p2s~' 


F(u) 


u  J 


,  ,  „2 

+  +  p 

h=0  P 


d[F{u)  /  u ) 
du(u2  +  s2) 


du  (30) 


[F(u)/u]u=q  =  ( n(a)a)~2nr  /(nr~]  +  (31) 


CornacHo  (30),  (31)  npM  Majibix  yrjiax  cmjib>KeHH5i  BejiHHHHa  d^/dp 
3aBMCHT  rjiaBHbiM  o6pa30M  ot  nepBoro  cjiaraeMoro  b  npaBOM  nacxH  (30), 
3HaneHHe  KOToporo  nponoppuoHajibHO  oTHomeHHio  rpapweHxa 
noKasaxejia  npejioMJieHun  k  rpapHeHxy  moiim(1)h pupoBaHHoro  noKa3axejin 
npejioMJieHHa  b  nproeMHOM  caoe  aTMocd^epbi. 

CyipecTBeHHbiM  4>aKxopoM,  bjihbioiij;mm  Ha  aMrainxyny  papHOBOjiH 
npn  Majibix  yrjiax  MecTa,  aBjmexcn  nomoipeHne  b  axMoccfcepe.  ,H,jra  bcjih- 
bhhbi  HHTerpajibHoro  norjioipeHHB  oxpaxeHHbix  papMOBOjiH  F  npn  npoxo- 
JKHeHHM  b  aTMocc|)epe  moxcho  nojiynHTb  Bbipa^ceHHe: 


A  =  l\du{u2  +  n2{a)a2)'l2(u2  +  s2) 


1/2 


( u 2  +  n2{a)a2) 


-  F(u) 


r(u)yp(u)  (32) 


me  y  (u)~  K03(JxJ)HpneHT  norjioipeHHB  papwoBOJiH  b  aTMocc|)epe. 

CooTHomeHHB  (28)-(32)  6biJiH  Hcnojib30BaHbi  npM  BHCJieHHbrx 
pacnexax  Koacjj^MiiHeHxa  ct^epHnecKOH  pacxopMMOcxn  npM  Majibix  yrjiax 
CKOJlbXCeHMH. 


Pe3YJibTaTbi  H3McpcnnH  napaMCTpoe  nojcrajiaiomea 
noBepxHQCTH  h  axMOcfoepia 

ConocTaBHM  nojiyneHHbie  pe3yjibTaTbi  c  SKcnepHMeHxajibHbiMH 
paHHbIMH  OAHOro  M3  CeaHCOB  flByxn03HU,HOHHOH  pa^HO^OKapHH  3eMJIH. 
CeaHC  npoBo^HJicn  HenocpepcxBeHHO  nepep  3axopoM  h  bo  BpeMB  3axo,na 
op6HTajibHoii  cxaHupn  " Mup"  b  30Hy  papHoxeHH  3eMJiH  Ha  piiHHe  bojihbi 
A=32  cm.  TlpneM  oxpa>iceHHbix  pa#HOBOJiH  ocymecTBJiajrcH  Ha  cnyxHMKe- 
reocxaipioHape.  OxpaxceHHbie  papHOBOJiHbi  m  npflMOH  cnraaii  b  aHanoro- 
boh  cf)opMe  pexpaHCJiHpoBajiHCb  c  reocxapnoHapa  Ha  Ha3eMHbiH 
npneMHbiH  nyHKX.  Flocjie  perHcxpaupH  Ha  aHajioroByio  MarHHXHyio  jieHxy 
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npoBo^HJiacb  nepe3ariHcb  cHmajioB  b  HHc^poByio  <J>opMy  h  o6pa6oTKa  c 
Hcnojib30BaHHeM  Aamibix  o  TpaeKTopHH  CTaHpHH  "Mup".  Haxo/jMJmcb 
(f)opMa  h  MomHocTb  AomiepoBCKoro  cneicrpa  OTpaxeHHoro  cHinajia,  a 
Taoce  ero  nojio)KeHHe  oTHOCHTe.nbHo  npuMoro  CHinajia,  onpe^ejiHeMoe 
pa3HocTbio  nacTOT  AF(t).  M3  H3MepeHHM  MOIUHOCTH  orpaxeHHoro  WO  H 
npflMoro  CHmanoB  Wp  HaxoAMJicfl  Koa^HpHeHT  oTpaxeHHa  rfif).  M3 

TpaeKTOpHbIX  flaHHbIX  H  pa,qHO(|)H3HHeCKOH  MOfleJIH  pe(J)paKPHH  b 
aTMOC(f)epe  3eMjra  BbiTHCjra/iHCb  nojioxceHHe  tohkh  3epKa/ibHoro 
oTpaxeHHH  D  npn  HajiHTHM  h  oTcyrcTBHM  aTMoccJiepbi,  a  Taoce 

COOTBeTCTByiOmHe  K03cJ){J)HUHeHTbI  OTpaXCeHHH  rj]{t)  H  772  (0-  Ha  pMC.  4 

noKa3aHbi  pe3yjibTaTbi  H3MepeHHM  K03<|)(t)HAHeHTa  oTpa^KeHMa  rj2(t), 

KOTopbie  conocTaBJienbi  c  a^hhaimh  TeopeTMriecKMx  pacxeTOB.  no 
BepTMKajibHOH  och  Ha  pHC.  4  oTJioxeHbi  SKcnepHMeHTajibHbie  3HaneHH5i 
K03<Ji4)Hii;HeHTa  OTpaxceHHfi,  no  ropM30HxajibHOM  och  -  Bpeivui  ot  Hanajia 
ceaHca  b  ceKyH^ax.  Kpusan  6  Ha  pnc.  4  nBJiaeTCB  3KcnepHMeHTajibHOH, 
KpHBbie  1-3  onucbiBaiOT  pe3yjibTaTbi  Bucaei-mbix  pacneTOB  K03(J)(J)MHHeHTa 
OTpaxeHHH  npn  HajiHTHH  aTMoc(|)epbi.  KpHBaa  5  annpoKCHMHpyeT 
3KcnepHMeHTajibHyio  KpHByio  6  Ha  yqacTKe  40  3axo/ia.  KpHBaa  4 
onncbiBaeT  3aBHcHMOcTb  K03(|)(j)HHHeHTa  OTpaxceHHH  ot  BpeMeHM  b  cjiynae 
oTcyrcTBHH  aTMOC(|)epbi.  KpHBbie  1;  2;  3,4  paccAHTbiBajincb 

COOTBeTCTBeHHO  PJW  CJieAyiOlHMX  3HaTCHHH  npOBOflHMOCTH  MOPCKOH  BOAbI 

a=2,7;  4,0;  7,0  mo/m.  3HaneHMe  AencTBHTejibHOH  nacTH  AHSJieKTpHHecKOH 
npoHHnaeMocTH  6biJio  npiiHHTo  b  cootbctctbmh  c  8  paBHbiM  79. 

KpHBbie  1-3  nocTpoeHbi  npn  Nq=  320  pt  =0,1265  km.  YKa3aHHbie  3Hane- 
hhb  N0  h  pt  corjiacyiOTCH  co  cxanAapTHbiM  npoifiHJieM  noKa3aTeji5i  npe- 
JioMJieHHH  b  aTMOc<J>epe  3eMJiH7.  MoMenr  BXo^meHHH  b  paAHOTeHb  co- 
OTBeTCTByeT  Ha  pnc.  4  nepeceMeHHio  kphboh  4  c  ropH30HTajibHOH  ocbio. 
3KcnepHMeHTajibHhie  3HaneHHH  K03cfxf)MiiMeHTa  OTpaxeHHii  AocxMraiOT 
MaKCHMajibHbix  BejiHXHH  b  3one  panHOTCHH,  HcnbiTbiBaB  cyuiecxBeHHbie 
BapnapHH.  BHe  yKa3aHHOH  3om>i  cpeAHHH  ypoBeHb  H3MepeHHoro  b  3Kcne- 
pHMeHTe  K03(|)4)HHHeHTa  OTpaxceiMH  h  (t)  coraacyeTCB  c  kphboh  5.  M3 
CpaBHeHHB  KpHBOH  5  C  KpHBbIMH  1-3  MO>KHO  OIjeHHTb  BejIHXHHy  HHTC- 
rpajibHoro  norjiomeHHH  a.TMoc(|)epbi  b  paitoHe  H3MepeHHH  7k4,8±l,2  aE. 
npn  AJiMHe  nyTH  paAHOBOJiH  b  axMociJiepe  3eMJiH,  paBHOM  500  km,  sto 
cooTBeTCTByeT  cpeAHeMy  3HaneHHio  K03cjp4)Hii,HeHTa  norjiomeHHa 
yk~0, 0096+0, 0024  aB/km.  3Ta  BejinxHHa  xoporno  coniacyeTCB  c  pe3yjibTa- 
tbmh  H3MepeHHH  norjiomeHHH  b  aTMoc(J)epHOM  KHCJiopoAe,  npoBeAeHHbix 
paAH03aTMeHHbiM  MeTOAOM,  a  Taoce  c  TeopeTHnecKHMH  h  SKcnepHMeH- 
TaJIbHblMH  AaHHbIMH,  OnHCaHHbIMH  B  3aMeTHbie  BapnaiiHH  T]2(t)  BHe 

3oHbi  paAHOTeHH  Moryx  6biTb  Bbi3BaHbi  KaK  annapaTypHbiMH  npHMHHaMH, 
TaK  H  BJIHHHHeM  HeOAHOpOAHOCTH  MOpCKOH  nOBepXHOCTH 
(HepaBHOMeptibiM  pacnpeAeneHiieM  inepoxoBaTocxH,  H3MeHeHHBMH 
npOBOAHMOCTH)  H  HOCHHX  CJIOCB  aTMOC(|)epbI  3eMJIH. 
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Pkc  4.  ConocxaBJieHwe  xeopeTHTecKHx  pacaexoB  c  aKcnepuMewnrajibHOH 
3aBHCHMOC,TblO  KOSCjX^HUHeHXa  OXpaXCeHHH  T)2  OT  BpeMeHH 

TaKHM  o6pa30M,  ormcaHHan  paflno4)H3iMecKaa  mobpjtb  ynoBJieTBo- 
pHTejibHo  corjiacyeTca  c  SKcnepHMeHTajibHbiMM  ,n;aHHbiMH,  nojiyHeHHbiMH 
b6jIH3H  30HbI  pa/IHOTCHM.  3aMeTHbie  OTKJIOHeHMfl  OT  yKa3aHH0H  MOAeJIH, 
HaSjuo^aBniHecji  b  aiccnepHMeHTe  b  30He  pajwoTeHH,  MoryT  6bm>  cBH3aHbi 
C  3(|)4)eKTaMH  BOJIHOBO^HOTO  pacripOCTpaHeHMB,  HeOflHOpOflHOCTbK)  aTMO- 
c<f)epbi,  h  .zjpyrKMH  aHOMajiHHMM. 


3aKJno»ieHHe 

IlpoBC/icHHbiM  aHajiH3  no,n;TBep:»maeT  npMHU  h  rraaji  buyio 

peajiH3yeM0CTb  pa#Horojiorpac|)MTecKoro  MeTo^a  pa^HOJioicaijMH. 
BKJHoneHHe  paAHorojiorpa(J)H’qecKMX  cpe^cTB  b  nepcneKTMBHyro 
MexayHapO^HyiO  KOCMHHeCKyK)  CHCTeMy  flHCTaHIJHOHHOrO  30HflHp0 BaHMH 
IT03BOJIHT  peniHTb  peJIblH  PHZI  COPHaJIbHO-3KOHOMHHeCKMX  3aaa<i: 

•  rjio6ajibHbiH  Bcenoro^HbiH  SKOJioraqecKHM  mohhtophht 
noBepXHocTH  3eMJiH  h  oiceaHOB,  CHCTeMaTMTecKoe  H3MepeHne 
/I,Byxn03HII,M0HHbIX  XapaKTepHCTHK  OTpa>KeHMB  paflHOBOJIH, 
onpe^ejieHHe  mx  peraonajibHbix,  ce30HHbix,  ro^oBbix  BapnaLtHH,  a 
TaiOKe  MX  qaCTOTHOM  3aBHCHMOCTM; 

•  nojiyreHHe  paflHOM3o6pa»:eHMH  M36paHHbix  paftoHOB  3eM;ra  jyix 
yTOHHeHHH  H  pa3BHTHH  MeTO/JOB  BCenorOAHOro  KOHTPOJIH 
aKojiorHTecKoro  cocToaHna  noBepxHocTH; 

•  rjioSajibHbiH  MOHHTopHHr  aTMOc(J)epbi  3eMJiM,  BKJiK)liaa 
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030H0C(f>epy; 

•  H3yqeHHe  ripOCTpaHCTBeHHO-BpeMeHHOH  M3MeHHHBOCTH 
aTMoccj^epbi  h  ee  ce30HHbix  BapnapnH; 

•  BLmBJieHHe  npM3HaKOB  aKOJiormiecKH  3HanHMbix  H3MeHeHHH 
COCTOflHHJI  aTMOC{j3epbI. 

•  H3yneHHe  bjik»hhb  Ha  aTMOccJjepy  ByjiKaHHHecKwx  H3Bep;x:eHHH  h 
HHTeHCHBHbIX  aHTponoreHHbIX  B03^eHCTBHH; 

•  cHCTeMaTimecKoe  M3MepeHne  napaMCTpoB  aHOMajibHbix 
o6pa30BaHHH  b  aTM0C(|iepe  (pHKJioHbi,  TaH4>yHbi,  nbiJibHbie  6ypw 
h  T.n.)  npn  npoxo>Kii;eHHH  pa^MOBOJiH  non,  MajibiMH  yrjiaMH 
CKOJibxeHHB  qepe3  aTMocc|>epy  b6jih3h  3ohm  pannoTeHM. 
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Abstract 

The  first  experiments  on  bistatic  radiolocation  of  the  Earth2  were  carried  out  by  virtue  of 
techniques  developed  earlier  at  probing  of  the  Moon  and  Venus.  For  the  case  of  an  Earth 
surface  probing  this  technique  should  be  refined  and  modified  with  taking  into  account 
both  much  greater  variety  of  the  Earth  natural  coverages,  and  special  features  of  radio 
waves  propagation  in  the  Earth  atmosphere  in  case  of  small  elevation  angles.  These 
conditions  sharply  differ  from  the  existing  ones  in  the  Venus  atmosphere,  where  always 
there  is  a  level  of  a  critical  refraction,  and  refraction  effects  are  expressed  in  their 
maximum  degree.  In  the  Earth  atmosphere  under  average  conditions  there  is  no  critical 
refraction  that  allows  to  trace  a  reflected  signal  up  to  a  radioshadow  zone  and  to  observe 
an  interference  of  the  reflected  signal  with  a  direct  one.  Results  of  an  analysis  of  a 
reflected  signal  propagation  close  to  a  radioshadow  zone  show  that  a  proper 
radiophysical  model  is  required  to  describe  relations  between  the  amplitude,  frequency, 
phase  and  spectrum  of  a  reflected  signal  and  radiophysical  parameters  of  an  earth 
surface,  and  also  the  vertical  profile  of  an  index  of  refraction  and  absorption. 


Analysis  of  the  Earth  atmosphere  influence  on  the  measurements  of 
terrestrial  surface  parameters 


The  scheme  of  the  Earth  surface  bistatic  radiolocation  is  shown  in  fig.  1.  The  LEO  and 
GEO  satellites  positions  are  shown  with  points  T  and  G,  point  O  indicates  the  Earth 
centre,  point  D  is  a  point  of  echo  reflection  from  the  spherical  planet  surface.  Radial 
paths  1  and  2  correspond  to  the  paths  of  propagation  of  direct  and  reflected  radio  waves. 
When  satellite  T  enters  a  radioshadow  zone,  paths  1  and  2  bend  due  to  the  influence  of 
refraction  in  the  ionosphere  and  troposphere.  The  Doppler  frequencies  of  a  direct  and 
reflected  radio  waves  do  not  coincide,  because  of  a  difference  in  angles  between  the 
tangents  to  rays  1  and  2  at  point  7'  and  of  a  LEO  satellite  velocity  at  point  V.  The 
difference  in  frequencies  A Fft)  between  a  direct  signal  and  reflected  one  is  related  to  the 
value  of  angle  2a  between  the  tangents  to  radial  paths  1  and  2  at  point  T  (fig.  1)  as 


follows: 


■  arctg^AAF  / 


(V[  +2XhFVu-^^Ff^ 


(1) 


where  X  -  length  of  radio  waves,  VI,  VII  -  components  of  V,  a  satellite  velocity,  parallel 
to  plane  TGO.  Component  V±  is  perpendicular,  and  component  VII  is  parallel  to  TG. 
From  eq.  (1)  follows  that  from  the  A F(t)  relation  one  can  derive  the  function  aft).  In  fig. 
1  glancing  angle  cj)  of  radio  waves  at  point  D  and  refraction  angle  t,  are  also  shown.  In 
case  of  a  spherical  symmetrical  atmosphere  the  Snell's  law  of  refraction  is  valid: 

p=n(a)acos(/f=Rsin(9r2a),  (2) 
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where  Qt  -  an  angle  (with  its  top  at  point  T)  between  the  tangent  to  radial  path  I  and 
direction  TO,  R-  a  satellite-centre  of  the  Earth  distance,  p  -  an  aim  parameter 
corresponding  to  the  centre  of  the  reflecting  area  at  point  D ,  n(a)  -  an  index  of  the 
atmosphere  refraction,  a-  the  Earth  radius  at  point  D. 

As  shown3,  in  case  the  accuracy  of  the  trajectory  data  of  a  LEO  satellite  position  is 
rather  high,  and  also  the  value  of  parameter  n(a)a  is  known,  there  is  a  principle 
capability  to  determine  the  glancing  angle  <j)  from  eq.(2).  The  relation  between  the  angle 
of  refraction  £(p),  glancing  angle  (j>  and  function  a(t)  is  as  follows: 

#=  (j)-a-0.5( arcs  i  n  ( Rsi  n  O/Rg)  -  arcs  in(p/Rg) ) ,  (3) 

where  Rg  -  GEO  satellite-centre  of  the  Earth  distance.  If  Rg->oo,  equation(3)  transforms 
in  to  the  known  ratio  derived  earlier4:  Hp=<j)-a. 

Thus,  the  angle  a,  measured  on  the  difference  of  Doppler  frequencies,  makes  it  possible 
to  determine  the  angle  (j)  from  eq.(2)  and  angle  £($  from  eq.(3).  The  accuracy  of 
determination  of  angles  (j)  and  £  is  depends  on  errors  in  measurement  of  A F(t)  and  errors 
in  the  trajectory  information. 


Fig.  1 

There  is  another  important  radiophysical  parameter  describing  the  effect  of  atmosphere 
influence  on  a  reflected  radio  wave  amplitude,  which  can  be  determined  if  function 
A F(t)  is  known.  This  parameter  is  related  to  a  factor  of  radio  waves  reflection  from  the 
Earth  surface  rf( (/>).  In  case  receiving  and  transmitting  antennas  have  isotropic  patterns 
the  factor  rf(<j>)\s  determined  as: 

if  {</>)  =  W0  /  Wp  -  aR?x  /  AnR^Rl ,  (4) 

where  W0,  Wp  -  power  flux  densities  of  reflected  and  direct  signals  of  the  receiving 
antenna  respectively,  a  -  an  effective  diameter  of  the  cross-section  of  radio  waves 
scattering  by  the  Earth  surface,  Rlg,  Rh  R2  -  distance  TG ,  TD  and  DG  respectively. 

According  to  the  theory  of  radio  waves  scattering  by  a  surface  of  a  planet  surrounded 
with  an  atmosphere5,  the  reflection  factor  has  the  relation  with  a  refraction  attenuation 
on  lines  TD  Xf  and  DG  X\  as  follows: 

rf{<f)^X]x\D2V\<f)  (5) 
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where  D2-  a  factor  of  a  spherical  divergence  of  radio  waves  at  reflection  from  a  planet 
surface,  V2(<f)  -  a  reflection  factor  of  a  plane  wave  incident  under  a  glancing  angle  (p  to 
the  atmosphere-ground  interface  plane.  The  factor  V7 ((f))  depends  on  the  capacitivity  s  of 
the  Earth  ground.  In  case  of  circle  polarization  of  radio  waves  and  homogeneous  ground 
the  relation  between  V2 ((f))  and  a  glancing  angle  (f>  and  capacitivity  s  is  as  follows: 


(6) 


V2((l>)  =  (rx  +  r„)  14,  rK  -  (A  -  l)  / {A  +  l), 
r„  =  ( sA  -  l)  /  (sA  +  i).  A  -  sin  (f>  / (s  -  cos2  <p)UI 
The  expressions  for  X] ,  X\,  D2  are  5,6: 

Xf  =  «2(«)^i  (^0  [cos(^  ~  4) +  qt  sin  '  [l  ~  0  +  s'n  0)^  I  cos  <)>  (7) 

Xl=Rl[R!^  ~[cos(^-£)  +  g2  sin^]  ,[l-(l  +  q-2  s\xup)d%ld(p\  '  cos^  (8) 

[sin  [<P  -  £)  +  ?i  cos^] 


D 2  =  a'XKR-f 


cos {(j>  -  £)  +  sin^ 


#2  cos  ^]/[cos(^  -  £)  +  q2  sin  £]} 


+[sin(^  ~4)  + 
i  +  q2  sin  <j)j 


(9) 


[[l  -  (l  +  q{  sin  (f)d^  /  dtf\ 

(l  +  q2  sin  <f>)  /  [l  -  (i  +  q2  sin  <p)d^  /  d<t>\ j  tg<p 
qK2  =  n(a)a  /  [r[  ,  R[2  =  -  p2)'>2  -  n{a)a  *sin(^),  =  «  (10) 

The  eqs.(7)  -  (10)  relate  the  values  of  w,2 ,  X2 ,  D2  with  the  parameters  /(Sig,  a,  describing 
the  position  of  two  satellites  and  the  Earth,  and  also  with  the  aim  distance  p,  angles  of 
refraction  and  glancing  £  and  <p.  From  expressions  (7)  -  (10)  the  product  xf'X2  '  D2  can 

be  derived  as  a  function  of  a  angle  0and  parameter  p.  From  fig.  1  the  angle  0  with  its 
top  at  point  O  between  the  straight  lines  TO  and  OG  is: 

&=K-2((fb<!f)-axcsm(p/R)-arcsm(p/Rg) 

If  the  values  R,  Rg  and  a  are  constant,  it  follows  from  (11): 

F(/?2  - /r)l/2(tf2  -  p2)nq^2  ™<t> 


dd!  dp-n{a)d^ 

|2  +  (<7,  +  g2)sin^-2(l  +  <7l  sin <^)(l  +  <?2  sin </>)di;/ dtp] 


(11) 

(12) 


Substituting  eq.(7)  -  (12)  in  eq.(5),  one  can  derive  the  following  expression  for  the 
factor  of  reflection: 


j]2(<p)  =  DfV2(<f),D(  =  XfX2D2  (13) 

D]  =  pRl[(R2 -p2)n(K -p2)V2  RRX  [sin  0.391  dp\'  (14) 

a  =  4id([  R\  Dp  V2{<fi)l  R-l  (15) 

The  expressions  (14),  (15)  relate  the  effective  diameter  rrand  factor  of  with  "external" 


parameters:  aim  distance  p,  angle  0  and  distances  R,  Rg,  Rtg,  R/,  R2,  while  the  formulas 
(7)  -  (12)  determine  the  said  variables  through  "internal"  parameters  (j),  n(a),  a ,  £ 

On  the  other  hand,  eq.(14)  coincides  with  the  ratio  found  in  6  for  refraction  attenuation 
valid  for  the  radial  path  TG  in  case  when  the  latter  passes  through  the  Earth  atmosphere. 
The  difference  between  a  direct  and  reflected  signal  is  included  in  eq.(14)  through 
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relation  6(p).  In  case  of  a  reflected  signal  (11)  function  6{p)  includes  the  additional 
addend  2  (j). 

Thus,  the  physical  meaning  of  the  factor  of  a  spherical  divergence  d)  is  refraction 

attenuation  of  radio  waves  due  to  the  refraction  in  the  atmosphere  along  the  lines  TD 
and  DG,  and  also  due  to  some  change  of  the  cross-section  of  a  scattering  beam  tube  at 
reflection.  Let  us  notice,  that  the  expression  for  /)2  can  be  used  to  describe  the  effective 
cross-section  diameter  of  an  integral  scattering  surface  in  the  rather  common  case  of 
spherically  symmetrical  environments,  including  the  case  of  bistatic  radiolocation  of  the 
Sun. 


The  value  of  36/ dp  can  be  expressed  through  the  function  a(p),  measured  during  bistatic 
radiolocation.  As  a  result  the  factor  £>2  is  as  follows: 


From  eq.(16)  it  follows: 


D)  =  -pR\  /  (RR*  sin  0(R]  -  p2)1/2{l  + 


(R2  -p2)1'2 
C R]-p2)u 2 


+  2 (R2  -p2)U2da  /  dp]} 


da  /  dp  =  ~{\  +  (R2  -  p2)1'2  /( R 2  -  p2)1'2  + 
pR^I[RR^md(Rl-p2)mD2}}l[2{R]  -  p~)m\ 


(16) 


(17) 


Expression  (16)  determines  D;  as  a  function  of  aim  parameter  p,  and  expression  (17) 
relates  a  derivative  da/ dp  with  the  measured  function  d)  (t). 


Relations  between  the  factor  d2  and  temporary  variations  of  frequency  of  reflected  radio 
waves  at  bistatic  radiolocation  are  studied  below.  As  it  is  also  shown  below  the  function 
D2  can  be  determined  via  trajectory  data  and  function  A F(t).  After  differentiation  6(t) 
with  respect  to  time  the  partial  derivative  36/ dp  is  as: 

36/ 3p~~= \d  6/dt-  ( dRJdt)  ( 36/ 3R )  ]/ (dp/ dt)  (18) 

From  eq.(2)  the  expression  for  dp/dt  is  as  follows: 

dp/dt^Vrsin( 6+2a+G)  +  Vgcos( 6+2a+G)+d(2a+G)/dtcos(6+2a+G).  (19) 

Taking  into  account  the  relation  between  components  Va  Vr  and  VM  V/f. 


V g-Rdq/ dt- V±cos 6 1  V // sin 6.  Vr=dR/dt=V//cos6-Vjsin6,  d^p-6-G,  (20) 

from  eq.(l  1),  (16)  -  (18)  it  follows: 

2  _  K  Sin(-d I  - 2g) 

■'  k-p‘r 

Expression  (21)  enables  to  calculate  the  factor  of  a  spherical  divergence  o2  with  known 
trajectory  parameters  of  satellites  6,  R,  Rg,  VI,  V//,  and  also  with  the  difference,  found 
from  measurements  of  frequencies  of  the  function  a(t).  Then,  using  measurements  of 
the  coefficient  of  reflection  if,  it  is  possible  to  find  from  eq.(5)  function  V2 ((f))  and  to 
determine  with  eq.(6)  the  value  of  s. 


1  + 


Rd(2a  +  G) 
dt  cos  6, 


2  a 


Vn  sin  2a  +  V±  cos  2 a 


(21) 
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The  derived  formulas  relates  the  internal  characteristics  of  atmosphere:  the  angle  of 
refraction  E,  and  glancing  angle  (f)  with  external  parameters  cc  and  p,  corresponding  to  the 
radio  waves,  left  the  atmosphere.  The  considered  relations  are  the  amplitude  and 
frequency  characteristics  of  reflected  radio  waves  under  conditions  of  a  spherical 
symmetry  of  the  Earth  atmosphere,  small  elevation  angle  and  known  the  index  of 
refraction-to-the  altitude  ratio  which  in  turn  determines  functions  %(p)  and  a(p).  Let  us 
consider  a  radiophysical  model  of  refraction  in  the  Earth  atmosphere  at  bistatic 
radiolocation  to  define  more  exactly  functions  %(p)  and  a(p) . 


A  radiophvsical  model  of  the  Earth  atmosphere  refraction  at 
histatic  radiolocation. 


Let  there  is  given  a  function  u(h),  dependent  on  a  modified  index  of  refraction. 

u(h) -*[n2(r)r2  - n2(a)a2 j  <  h-r-a. 


(22) 


where  n(r)  -  the  index  of  atmosphere  refraction  at  the  levels  located  at  distances  r  and  a 
from  the  centre  of  the  Earth. 


Let  there  is  also  given  a  refraction  function  F(u),  proportional  to  the  gradient  of  the 
index  of  refraction  n  r: 

F(u)--=-n'Jn,  n'u=n'rr'u  (23) 

If  the  modified  index  of  refraction  M(r)=n(r)r/a  depends  on  the  altitude  monotonously, 
the  vertical  profile  of  the  refraction  index  n(r)  can  be  expressed  in  a  parametric  torm 
with  the  known  function  Ff u) : 

(24) 


n(i()  =  /<a)exp  ^\-F{u)du\ 


r{u)  =  (u2  +n2{d)a1)ui  exp 


it 

jF(it)du 


ru  CW)  —  H 


L (u2  +  n2(a)a  ) 


■  F(u) 


(25) 


F(u)  =  -mu2  +  n  (a)a 


nr~  +  n,. 


(26) 


Unlike  the  function  n(r),  the  function  F(u)~ the  angle  of  refraction  %(p)  relationship  has  a 
form  of  a  linear  integral  equation: 

E(P)  =  p\F(u)du(ii 2  +  s2Y'n\s2  =  n2{a)a2  -  p \ 

0 

where  p  -  the  aim  parameter,  corresponding  to  the  centre  of  a  reflecting  area. 

In  case  the  function  n(r)r  is  not  monotonous,  then  by  dividing  the  vertical  profile  n(r)r 
into  segments,  in  which  the  derivative  M r  maintains  its  sign,  one  can  perform 
replacements  with  eq.(22),  (23)  for  each  of  the  segments.  In  this  case  function  F(u) 
included  in  eq.(24)  is  sectionally  continuous,  as  a  superposition  of  influence  of  the 
segments  of  the  vertical  profile  M(r)  takes  place. 

For  the  case  of  a  standard  dependence  of  the  refraction  index  on  the  altitude  : 

n(r)=l+Nexp(-/3t(r-a))  (28) 


the  function  F(u)  is  shown  in  figure  2  at  — 0. 125  km,  n-6400  km.  Curves  1,2,3  show 
the  relation  F(u)  at  N0  =  320;  300;  280,  respectively.  The  relation  between  the  altitude 
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above  the  Earth  surface  H-r-a  and  the  parameter  u  is  illustrated  by  curve  4.  The 
function  F(u)  (figure  2)  goes  down  to  zero  at  u= 0,  then  grows  steadily,  achieving  its 
maximum  at  u- 202  km  that  corresponds  to  the  value  H- 2,5  km,  and  decreases 
practically  down  to  zero  at  u  of  about  600-800  km.  The  relation  F(u)  to  the  gradient  of 
the  index  of  refraction  p,  is  shown  in  figure  3.  Curves  1, 2, 3  correspond  to  values  /H ),1465; 
0,1265;  0,1065,  respectively.  An  increase  of  the  gradient  pt  changes  both  the  value  of  function 
F(u)  and  its  shape,  the  maximum  of  F(u)  shifts  to  the  smaller  values  of  //(see  fig.  3). 

F(u)  H,  km 


The  refraction  function  F(u)~ parameter  u  dependence  for  a  standard  profile  of  the  index 
of  refraction  in  the  Earth  atmosphere:  n(h)=\ ,0+N„exp(-/3,h)  at  N„= 320;  300;  280  and 
/?,=0,125  km'1  (curves  1, 2,  3).  Parameter  U -  altitude  //dependence  (curve  4). 

F  {U)  H,  km 


Function  of  refraction  F(;/)  -parameter  //,  dependence.  The  curves  /,  2,  3 
correspond  to  the  values  of  ft; =0,145;  0,125;  0,105  km'1,  respectively. 
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With  the  results  of  numerical  solution  of  F(u)  and  relation  (27)  it  is  possible  to 
determine  dependences  E,(p)  and  d^(p)/dp.  As  it  was  noticed  above,  the  value  of  dd/dp 
determines  the  value  of  refraction  atennuation  for  the  case  of  small  elevation  angles. 
From  eq.(28)  in  case  of  s>u,  where  um  -  the  valie  of  u  corresponding  to  the  upper- 
boundary  of  the  atmosphere,  um  ~  700  km,  77-45  km,  one  can  get: 


£(/?)  «  ps |  F(u)du  =  ps  1  In (n(a)\  sin  <f>  f  um  /  n(d)a  ^  > 

o 

This  approximation  corresponds  to  the  known  Laplace  theorem,  describing  refraction  in 
case  of  large  elevation  angles,  <?)>5.  The  function  F(u)  determines  amplitude  and 
frequency  characteristics  of  reflected  radiowaves  close  to  a  radioshadow  zone.  In  case  of 
small  values  s  the  function  Ej(p)  depends  on  the  function  F(u).  From  eq.(27)  one  can  get: 


dZ  2 

~  p  s 
dp 


F(u) 


d[F(u)  /  u] 


I  u2  +s2) 


-  du 


(30) 

(31) 


o  du[i 

[F{u)  /  «]„=o  =  {Kd)ay2 nl  /(«/-“'  +  ni)r=Q 

From  eq.(30),  (31)  for  the  case  of  small  glancing  angles  the  value  dtydp  depends  mainly 
on  the  first  member  in  the  right-hand  part  of  eq.(30),  the  value  of  which  is  proportional 
to  the  relation  of  a  refraction  index  gradient  to  a  modified  refraction  index  gradient  in 
the  bottom  atmospheric  layer. 


The  absorption  in  atmosphere  is  an  essential  factor  influencing  the  amplitude  of  a 
radiowaves  in  case  of  small  elevation  angles.  The  integrated  absorption  A  of  reflected 
radiowaves,  passing  the  atmosphere,  it  can  be  derived: 


A  =  'z\du{u2  +  n2(a)a2)'/2(u2 
0 


u _ 

n2{a)a2) 


F(u)  Hu)y  (u) 


(32) 


where  yp(u)  -  coefficient  of  radiowave  absorption  in  the  atmosphere. 

Eqs.  (28)  -  (32)  were  used  in  the  numerical  calculations  of  the  factor  of  a  spherical 
divergence  in  case  of  small  glancing  angles. 


Results  of  measurements  of  a  terrestrial  surface  and  atmosphere  parameters 

Let  us  compare  theoretical  results  with  the  experimental  data  of  a  session  of  bistatic 
radiolocation  of  the  Earth.  The  reception  session  was  carried  out  just  before  and  during  the 
"MIR"  station  entering  a  radioshadow  zone  of  the  Earth.  The  reflected  radiowaves  were 
received  by  a  GEO  satellite,  on  the  wavelength  X=  32  cm.  The  reflected  and  direct  signals  in 
an  analog  form  were  relayed  by  a  GEO  satellite  to  a  ground  reception  post.  After  registration 
of  signals  on  an  analog  magnetic  tape  the  duplication  of  signals  in  a  digital  fonn  and 
processing  with  use  of  the  trajectory  data  "MIR"  station  were  made.  The  form  and  density  of 
the  Doppler  spectrum  of  a  reflected  signal,  and  also  its  a  position  towards  a  direct  signal, 
depending  on  the  difference  of  frequencies  AF(t),  were  found  then.  The  reflection  coefficient 
rf(t)  was  calculated  from  measurements  of  the  power  reflected  Wo  and  direct  Wp  signals. 
Position  of  point  D  of  an  echo  reflection  the  cases  of  atmosphere  and  no-atmosphere 
conditions  and  also  the  reflection  coefficients  ip(t)  and  q\{t)  were  calculated  from  the 

trajectory  data  and  radiophysical  model  of  refraction  in  the  Earth  atmosphere.  The  results  of 
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measurements  of  the  reflection  coefficient  rf(t),  were  compared  to  theoretical  estimations 
and  are  shown  in  fig.  4.  In  fig.  4  is  the  axes  of  experimental  data  of  a  reflection  coefficient, 
the  X-axes  is  for  the  time  from  the  beginning  of  a  session  in  seconds.  Curve  6  is 
experimental,  curves  1-3  illustrate  the  results  of  numerical  calculations  of  the  reflection 
coefficient  for  the  case  of  atmosphere  conditions.  Curve  5  approximates  experimental  curve 
6  for  the  period  before  entering  the  shadow.  Curve  4  illustrates  dependence  of  the  reflection 
coefficient  on  time  in  case  of  no-atmosphere  conditions.  Curves  1,  2, 3 , 4  were  computed  for 
the  following  values  of  ocean  v/ater  conductivity  o=  2,7;  4,0;  7,0  mo/m  respectively.  The 
value  of  the  real  part  of  a  capacitivity  was  accepted  to  equal  79  in  correspondence  with  8. 
Curves  1-3  shoe  the  case  of  N0  =  320  and  (3t  =  0,1265  Ian.  The  said  values  of  N0  and  (3, 
coincide  with  the  standard  refraction  index  profile  in  the  Earth  atmosphere7. 

The  moment  of  entry  in  radioshadow  corresponds  to  the  crossing  of  intersection  curve  4  with 
the  X-axes.  Experimental  values  of  the  reflection  coefficient  achieve  their  maximum 
amplitudes  in  the  zone  of  radioshadow,  having  essential  variations.  Outside  the  indicated  zone 
the  average  level  of  the  reflection  coefficient  h(t),  measured  in  experiment,  coincides  with 
curve  5.  From  a  comparison  of  curve  5  with  curves  1-3  it  is  possible  to  estimate  the  integrated 
absorption  of  the  atmosphere  within  the  range  of  measurements  Ak 4,8±1,2  dB.  For  the  length 
of  a  radiowave  path  in  the  Earth  atmosphere  of  500  km,  it  corresponds  to  the  average  value  of 
the  absorption  coefficient  yk~0,0096  +  0,0024  dB/km.  This  value  coincides  will  with  the  results 
of  measuiements  of  the  absorption  in  atmospheric  oxygen  conducted  under  a  radio  occultation 
technique,  and  also  with  the  theoretical  and  experimental  data  submitted  in  *.  Visible  variations 
of  rf  (t)  outside  the  radioshadow  zone  can  be  caused  by  influence  of  both  instruments,  and  a 
heterogeneity  of  an  ocean  surface  (irregular  distribution  of  a  undulation,  variations  of 
conductivity)  and  lower  atmosphere  of  the  Earth. 


Comparison  of  theoretical  computation  to  experimental  dependence 
of  a  reflection  coefficient  rf  from  time 

Thus,  the  submitted  radiophysical  model  coincide  satisfactorily  with  the  experimental  data 
obtained  close  to  a  zone  of  radioshadow.  1  he  sensible  deviations  from  the  described  model, 
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occured  in  the  experiment  in  the  zone  of  radioshadow,  can  be  caused  by  effects  of 
atmosphere  waveguide,  heterogeneity  of  atmosphere,  and  other  anomalies. 


Conclusion 

Results  of  the  carried  out  analysis  confirm  the  feasibility  of  a  radioholographic  method 

application  in  radiolocation.  Radioholographic  devices  being  included  in  a  perspective 

international  space  system  of  the  Earth  remote  sensing  will  allow  to  solve  a  lot  of  social 

and  ecological  problems: 

•  global  all-weather  ecological  monitoring  of  the  land  and  ocean  surfaces  via  systematic 
measurement  of  bistatic  reflection  characteristics  of  radio  waves,  determination  of 
their  regional,  seasonal,  annual  variations,  and  also  their  frequency  dependencies; 

•  refinement  and  development  of  techniques  for  the  all-weather  monitoring  of  a  surface 
ecology  by  means  of  radioimagery  of  selected  regions  of  the  Earth; 

•  global  monitoring  of  the  Earth  atmosphere,  including  ozonosphere; 

•  observation  of  spatial  and  temporal  behavior  of  the  atmosphere  and  its  seasonal 
variations: 

•  selection  of  symptoms  of  the  changes  in  the  atmosphere  condition  which  are  important 
for  ecology; 

•  study  of  volcanic  and  man  activity  influence  upon  the  atmosphere; 

•  systematic  monitoring  of  anomalous  formations  in  the  atmosphere  (cyclones, 
typhoons,  dusty,  storms  and  etc.)  by  measurement  of  parameters  of  the  radio  waves, 
passing  through  the  atmosphere  under  small  glancing  angles  close  to  a  radioshadow 
zone. 
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AQcTpaKT 

npeACTaBjiena  KOHijeninHa  Majiora6apnTHOH  cnycxaeMOH  Kancyjibi  -  paAnoaonaa, 
npeaHa3HaMaeMOH  ajih  onepaTHBHoro  ko HTaKTHoro  30HAHpoBaHHa  30H  onacHbix 
HBjieHHH  b  aTMoc<|)epe  npupopHoro  h  TexHoreHHoro  xapaxrepa.  OraHHHTenbHbiMH 
OGo6eHHOCTHMH  3TOH  KanCyjIbl  HBJIHIOTCH  rjIoOaJlbHOCTb  aeHCTBHH  3a  CHeT 
Hcnojib30&aHHa  paxerabix  cpe.acTB  aoctabkh  h  onepaTHBHocTb  nepeaaHH  pe3yjibTaTOB 
H3MepeHHH  b  IJempbi  c6opa  h  o6pa6oTKH  AanHbix,  pacnoaoKCHiibie  b  jiio6om  pailoHe 
3eMHoro  iuapa,  c  noMombio  kocmhhcckoh  CHcreMbi  iioabhxchoh  nepcoHajibHOH  cbb3h. 


Bbcachhc 

B  nocneAHee  BpeMH  b  ivmpe  cymecTBeHHO  B03pocjio  kojihhcctbo  onacHbix 
npHpoAHbix  XBjieHHH  h  TexHoreHHbix  KaTacTpotJ),  ot  KOTopbix  eaceroAHO  ruGnyT  cothh 
TbicHH  HejiOBex ,  a  3kohomhhcckhh  ymep6  coCTaBjweT  cothh  Mjip/r  AOJUiapoB. 

CymecTByiomHe  cpeacTBa  AHCTaHpHOHHoro  30HAHp0BaHHH  3eMjiH  ne  no3BOJiaiOT 
onepaTHBHO  n  Ha  Tpe6yeMOM  vpoBHe  pernaTb  3apaHH  hcc  Jie  ao BaHHx  npeAynpexcAeHHa, 
KOHTpoJia  h  onepaTHBHoro  nporno3a  takhx  aBjieHHH  xax  rponHaeCKne  hhkjiohh  (TIJ,), 
jiOKa/ibHoe  pa3pymeHHe  030HOBoro  cjiox,  AaxtbHHH  nepeHOC  3arp«3HeHHH  b 
aTMOC(|)epe,  xpynHbie  aBapHH  Ha  A3C,  aTOMHbix  cyaax  h  xhmhhcckhx  npeAnpHHTHax, 
H3BepaceHHH  ByjixaHOB.  3aAan  nccjieAOBaHHH,  kohtpom  h  nporao3a  pa3BHTHa 
3thx  HBJieHHH  Heo6xoflHMo  H3MepxTb  c  BbicoKHM  npocTpancTBeHHbiM  pa3pemeHHeM 
MeTeonapaMeTpbi  aTMOc<|)epbi  (TeMnepaTypa,  AaBjieHHe  h  Bjiaamocrb  B03Ayxa, 
HanpaBjieHHe  h  cxopocTb  BeTpa),  paAHoaKTHBHocTb  H30TonOB,  cocTaB  h 
KOHpeHTpanHK)  a3po30JieH,  KOHneHTpaHHK)  Majibix  ra30Bbix  cocTaBJiaiomHX 
aTMoc(f)epbi,  KOHneHTpapHio  osoHa. 

CymecTByiomne  KomraKTHbie  mctoaw  h  cpe^CTBa  MOHHTopHHra  OKpyacaiomeH 
cpeabi  (caMOJiCTbi-MeTeojiaSopaTopHH,  AHCTaHHHOHHo-nnjioTHpyeMbie  jieTaTeabHbie 
annapaTbi  SKOJioranecKoro  kohtpojih,  cypa  noroflbi,  Ha3eMHbie  CTamiMM  KOHTpojia  3a 
SKOjiorHHecKOH  h  paAHaijHOHHOH  oScraHOBKofi)  oSecneHHBafOT  TpeGyeMyxo  tohhoctb 
H3MepeHHH,  ho  HMeioT  orpaHHHeHHbiH  paAHyc  achctbhh,  He6ojibuiyio  onepaTHBHocTb 
noAyneHHa  h  o6pa6oTKH  AaHHbix,  jih6o  CBH3aHbi  c  onacHocTbio  ajih  jiioach, 
npOBOAHIAHX  H3MepeHHH. 


B.JIyKbHiHeHKo 


B  paSoxax1'4  noxasaHO,  hto  aaa  s^eKXHBHoro  pemeHna  3a«an  nsyneHHA, 

IipOrHO3Hp0BaHHH  H  KOHXpOAA  TAKHX  OnaCHbIX  npHpOflHbIX  HBJieHHH,  KaK  Til,  H 
030H0Bbie  aHOMajiHH  h  onepaTHBHoro  kohxpoaa  KpynHOMacniTa6Hbix 
BbimeyKa3aHHbix  TexHoreHHbix  KaxacTpo(J)  b  AonoAHeHne  k  cymecTByiouiHM 
cpeflCTBaM  qeJiecoo6pa3HO  ticnojib30Baxb  paicexHO-KOCMmecKHe  KOMnjieKCbi  (PKK), 
ocHameHHbie  MaxoraSapnxHbiMH  CK  c  cooxBexcxByioiUHMH  paAH030HqaMH  aaa 
npOBeAeHHa  onepaxHBHbix  KOHxaKXHbix  H3MepeHHH  BepxHKajibHwx  npo(|)HjieH 
MexeonapaMexpoB  axMOC^epw  h  napaMexpoB  OKpyxcaiomeH  cpeabi  b  30Hax 
Hpe3BbiHaHHbix  cHxyaqHH  h  KOHneHxpaqnn  o30Ha  bo  bccm  oOneMe  athx 
KpynHOMacmxaSHbix  abachhh. 

U,ejib  HacxoameH  pa6oxbi  3aKAKmexcA  b  onpeAeaemw  pamiOHanbHoro 
xexHHHecKoro  o6jiHKa  h  cxeMbi  <f>yHKmtoHHpOBaHHA  CK  b  cocxaBe  patcexpo- 
KOCMHnecKoro  KOMnaeKca  (PKK)  ajia  onepaxuBiioro  KOHxaKXHoro  30HAnpoBa«HA 
(OK3)  m. 


3aaanH  Hcc.aeaoBaHMH  TII  mctojom  KOHTaKTHoro  30HjHpQBaHHH 

TexHHHecKHH  o6ahk  CK  3aancHx  ox  3  a  ash,  peuiaeMbix  PKK  OK3  TU,.  TIJ, 
(xaft^jyHbi,  yparaHbi,  cMepnn)  qxhocaxca  k  HHCJiy  HanOoxee  pa3pyuiHTenbHbix 
peryjiapHO  noBXopxiomHxcx  abachkh.  ExceroAHO  ox  xponnnecKHX  ijhkaohob  (TL()  b 
MHpe  ruGnex  coxhh  aioacm,  a  ymep6  cocxaBJiaex  25-30  MApA  aoaa.  CUIA  .  yin;ep6, 
HaHOCHMbiH  xaft4)yHaMH  PoccHHCKOMy  ,H,axbHeMy  Bocxoxy  h  4)JTOTy>  oqeHHBaexca 
COXHAMH  MJIH.  AOAA.  B  TOA- 

B  Hacxoamee  BpCMA,  HecMOxpa  Ha  6oAbinoH  o6i>eM  npoBCACHHbix  xeopexiiHCCKHX 
h  3KcnepHMeHxaAbHbix  HccACAOBaHHH,  Bee  eme  OTcyxcxByex  noHHMaHire 
(J)H3HHeCKHX  npOUeCCOB,  npOHCXOABiAHX  B  TU,  Heo6xOAHMOe  KaK  AAA  xohhoxo 

nporH03a  ero  nepeMemeHHfl,  xaK  h  aaa  pa3pa6oxKH  KOHnenunn  ero  HCKyccTBeHHoro 
OCAaSAeHHA. 

PemeHHe  sxoh  npoSAeMbi  HeB03M0acH0  6e3  noAyneHHA  ACxanbHon  HH^opMaqiiH  06 
axMOC(J)epHbix  napaMexpax  (xeMnepaxypa,  BxaacHoexb,  AaBAenne,  CKopocxb  Bexpa)  no 
BceMy  KpynHOMacuixaSHOMy  oSteMy  nsynaeMoro  abachhh  (aaa  TU,:  Bbicoxa  -  ox  0  ao 
25  km,  AnaMexp  -ao  500  km)  npaicxmiecKH  oAHOBpeMeHHO  (3a  BpeMH  nopAAxa  1  naca) 
bo  Bcex  xoHKax  n3MepeHHA,  noKa  cxpyxxypy  xancJjyHa  moxcho  CMnxaXb  cxannoHapHon. 

B  Hacxoamee  BpeMa  aaa  3(j)(|)eKXHBHoro  pemeHHA  npoOAeMbi  TIJ,  cnnxaexca 
HeoOxoAUMbiM  BbinoAHeHH©  CAeAyioiAHX  saAaH1: 

1.  MaccnpoBaHHbie  H3MepeHHA  napaMexpos  axMOC<f>epbi  (Bexep,  xeMnepaxypa, 
BAaXCHOCXb,  AaBAeHHe)  B  HHAHBHAyaAbHbIX  TU  Ha  pa3Hbix  ctaamax  HX  pA3BMXHA, 

HeoSxoAHMoe  aaa  6oAee  noAHoro  noHHMaHHA  <j)H3HHecKnx  npoqeccoB, 
onpeAeAAiomHx  cxpyxxypy  h  sneprexmcy  Kaacnon  cxaAHH  n  h3mch6hha  cxpyxtypbi  h 
3HeprexHKH  npn  nepexoAe  ox  oahoh  cxaAnn  k  Apyroil. 

XapaxxepHoe  paccxoaHne  MexcAy  soHAnpyeMbiMH  BepxHKaAbHbiMH  pa3pe3aMH 
axMoc^epbi  aoavkho  cocxaBAATb  20-30  KM  b6ah3h  neHxpa  nnpKyAAHHH  TU,  h  Moxcex 
6bixb  BABoe  OoAbine  Ha  paccxoAHHAX  150-200  km  ox  qeHxpa. 

/],nana30H  H3MepHxeAbHoro  pexcnMa  paAH030HA0B  ox  20-18  km  ao  noBepxHocxn 
3eMAH. 

Uhcao  30HAnpyeMbix  BepxHKaAbHbix  pa3pe30B  -  AO  40. 

ripneMAeMO,  ecAH  30HA  nonaAaeT  b  Kpyr  paAnycoM  5  km  c  qeHxpoM  b  pacMexHon 
XOHKe. 


B.JIyKbAiAeHKo 


3anycKH  pa#H030Hfl0B  xcejiaTejibno  npoBOAHTb  b  TeneHne  5-7  cyTOK  1  -  pa3  b 

CyTKH, 

2.  H3MepeHHH  napaMexpos  OKpyacatomeH  TH,  aTMOC(J)epbT,  b  nepByio  onepeflb 
Be^ymero  noTOKa,  oneparaBHoro  nporH03a  nepeMemeriHa  TU,.  ^KenaTejibHO, 
HTo6bi  3th  H3MepeiiHa  npOBOflMjTHCb  BOKpyr  TU,  b  HHTepBajie  a3HMyrajibHbix  yrjiOB  ot 
245  no  25  rpaaycoB  Ha  paecToaHHax  500  -  900  km  ot  nempa  TU,  jih6o  b 
npHMoyroJibHoii  oGjiacrw  400  x  1800  km. 

no  CoBpeMeHHbiM  npeflCTaBJieHHHM  sth  H3MepeHna  no3BOJiax  6oJiee  tohho 
cnporH03HpoBaTb  BepoHTiiocxb  noBopoxa  TpaeKTOpHH  TU,  h  paccHHTaTb  BpeMa  h 
KoopAHnaTbi  tohkh  noBopoxa. 

06mee  kojimhcctbo  3oh^ob  -  no  30  rnx.  ^onycxHMoe  OTKKOHeHne  30Haa  ot 
pacneTHOH  tohkh  b  momcht  Hanajia  ero  paSoTbi  -  no  20  km. 

UccjieaoBaHHH,  npoBe,aeHHbie  b  U,HHHMAIH3'43  noKa3ajiH,  hto  #jia  peuieHHa 
yKa3aHHbix  3a/ia'i  Moryr  6biTb  ncnojib30BaHbi  MOflH^HOHpoBaHHbie  paKeTHbie 
KOMnaeKCbi  (PK)  Ha3eMHoro,  Mopcicoro  h  B03^yiiiHoro  6a3npoBaHna  c  paxeTaMH 
"Pokot",  "CrapT-l",  "Bojina",  "IIlTHjib-1",  "BypjiaK". 

CpaBHHTejXbHblH  aHajIH3  3THX  KOMIIJieKCOB  nOKa3aJI,  HTO  B  MHHHMaJIbHbie  CpOKH  c 
np H6MJI0MbIMH  3aTpaTaMH  KOMnjieKC  aJIH  OnepaTHBHOrO  KOHTaKTHOrO  30HflHp0BaHHH 
TI|  MO>KeT  6biTb  co3aaH  na  6a3e  PH  "Bojma"  (BPnJI  SSN-18). 


CocTaB  h  cxeMa  npmvieHCHHH  PKK  "  Bojina-TH'' 


CocTae  PKK 

PKK  "BojiHa-TU"  coctoht  H3: 

•  flByxcTyneHHaToro  paiceTHoro  ycKopHTena  SajuiHCTHnecKOH  paKeTbi  (BP)  SSN-18; 

•  MOAyjia  KOHTaKTHoro  30HflHpoBaHHa  (MK3)  na  6a3e  CTyneHH  pa3BeaeiiHa  BP; 

•  TexHHHecKoro  h  cTapxoBoro  (noflBOflHaa  jioaKa)  komiijickcob, 

•  HH<|>opMau(HOHHo-ynpaBjixK>meH  no/iCHCxeMbi  PKK. 

#Jia  oSecneneHHa  paGoTbi  PKK  npHBjieKafOTca  cjienyioinHe  cymecTByiomHe  h 
pa3pa6aTbiBaeMbie  MeTeopojiorHHecKHe  h  HH^opMauHOHHbie  CHCTeMbi: 

•  anoHCKaa  MeTeopojiorHHecKaa  cncxeMa  GMS; 

•  aMepHKaHCKaa  reocTanHOHapHaa  MeTeocHCTeMa  GOES; 

•  HH3KOOp6HTaJIbHbie  CnyTHHKOBbie  CHCTeMbi  AHCTaHOHOHHOrO  30HAHp0BaHHa 
3eMjiH  "MeTeop",  NOAA,  "Pecypc-O",  "OKeaH"; 

•  CHCTeMa  rjio6ajibHOH  cnyxHHKOBOH  cbh3h  (xHna  "UpHflHyM"), 

•  rjioGajibHaa  chctcmb  TejiecBa3H  BceMiipHoft  MeTeopojiorHHecKOH  opraHHsaunH; 

•  GPS  Navstar,  Glonass. 

Ha  pHC.  1  npeACTaBjiena  cxeMa  npoBeaenna  thiioboh  onepanHH  KOHTaKTHoro 
30HflHpOBaHHa  TH,. 

HHC^opMamHB  o  aapoacaeHHH  h  paaBHTHH  TH,,  nojiynaeMaa  ot  MeTeopojiorHHecKHx  h 
HH<|)opManHOHHbix  CHCTeM  nocTynaeT  b  OGhhhckhh  onepaTHBHbiH  nemp  npHeMa 
MeTeoHH^JopMauHH,  r#e  onpeAejiaerca  uejiecoo6pa3HOCTb  npoBeaemia  nycKOB  paxeT  h 
onpeaenaiOTca  KoopanHaTbi  tohck  npniiejiHBaHHa  cnycxaeMbix  Kancyn  Ha 
nporH03HpyeMbiH  momcht  BpeMeHH  hx  AOCTaBKM  b  oGjiacxb  TH,.  npH  npHHaTHH 
peineHHa  06  Hcnojib30BaHHH  PKK  HeoSxoanMaa  HHifjopManHa  nm  oGecneneHHa  ero 
paGoTbi  nepeflaerca  jih6o  HenocpeacTBeHHO  Ha  CTapTOBbiH  KOMnneKC  -  noaBOflHyio 


B.JIyKbameHKO 


jiOAKy  no  3a^anHOMy  npoTOKOJiy,  jih6o  no  KaHajiaM,  npeflocTaBjiaeMbiM  b©  30 mctb aMH , 
ocymecTBJiaKDmHMH  HenocpeflCTBeHHbin  nycK  paKeT-HOCHTejien.  Ilocjie  hcoOxoahmoh 
noflroroBKH  npoH3BOAHTCa  nycitc  n  noaer  PH  no  3aflanHOH  nporpaMMe  b  pafioH  TU, 

Cxeiwa  (j)ynKUHOHHp(manHH  PKK  "BojiHa-TU," 


1  .HaSjno^eHMe  3a  TH,  h  nepe^ana  ero  KoopAHnar  Ha  nJT. 

2.3anycK  pakerw  co  cnycKaeMbiMH  KaiicyaaMH  (CK). 

3  .Pa3Be«eHHe  CK  no  3aaaHHOMy  3aKOHy  b  30HflHpy©M0H  o6jiac™  TIC 
4.0Ta;ejieHHe  pa^H030H«OB  ot  CK  n  cnycK  hx  Ha  napauiKrrax  c  H=25-20km. 
5.H3MepeHne  paanosoH^aMH  napaMerpoB  aTMOC<f)epbi  n  nepe^ana  nx  Ha 
Ha3eMHbie  nyHKTbi  npneivfa  (nepe3  cnyTHHKH  cbh3h). 

Phc.  1. 

TTpH  Bbixoae  b  pacneTHyK)  3ony  ocymecTBjiaeTCfl  pa3BeaeHne  cnycxaeMbix  xancyji  c 
paflH030H«aMH  no  3a#aHHOMy  3aKOHy  b  30Ha;npyeM0H  oOaacTH  TH,.  Hocjie 
AOCTHxceHHH  KancyjiaMH  bmcot  25  -  20  km  peajmsyeTCH  oT^eneHne  ot  hhx 
paAH030H«0B,  KOTopwe  npo,ao.ri>KaioT  cnycK  Ha  napannoTax  b  cpeae  TH,.  Bo  BpeMH 
cnycka  paflH030H^aMH  nponsBOAHTCa  3aMep  napaMeTpoB  aTM0C(J)epbi  h  nepeaana 
cooTBeTCTByfomeH  HH<f)opMapHH  nepes  HH3KOop6nTajibHbiH  cnyranK  cbh3h  b 
06hhhckhh  onepaTHBHbm  i^em-p. 


CnvcKaeMag  Kancvaa 

KaioneBbiM  saeMeHTOM  PKK  HBjraerca  CK  c  paflH030Hfl0M. 


B.JIyKbHmeHKo 


MeTeopojioniHecKHH  paflH030im  (P3)  npeAHa3HaneH  fljia  H3MepeHns  BepTHKajibHbix 
npo^Hjieft  TeMiiepaTypbi,  AaBjieHHa  h  OTHocnTejibHOH  bjib^khocth  B03flyxa, 
r0pH30HT3JIbH0H  H  BepTHKajIbHOH  COCTaBJiafOlHHX  CKOpOCTH  BeTpa  H  nepe^aHH  AaHHbIX 
Ha  Ha3eMHbie  nyHKTbi  npneMa  HH^jopMannH  c  Hcnojib30BaHHeM  cnyranKOB- 
perpaHCjWTopoB . 

B  KanecTBe  npoTcminoB  MereopojiorHHecKoro  paAH030H#a  PKK  OK3 
HCnojib30BaHbi  c6pacbiBaeMbie  caMOJieTHbie  MeTeo30HAbi  pa3pa6oTKH  HIIO  "Tath^yH" 
-  fljia  aBHaHHOHHoro  KOMiuieKca  "BeptHKajib"8  h  (Jjhhckoh  (|)HpMbi  Vaisala7 
XapaKTepucTHKH  sthx  3ohaob  npeACTaB.neHbi  b  TaSjiHHe  1 . 

Mereo30Hfl  (|)hhckoh  (jjnpMbi  Vaisala  npeAHa3HaneH  ajih  c6poca  c  BbicoTHoro 
caMonera  h  nepe/janH  Ha  6opx  stoto  caMOJieTa  MereopojiorHHecKOH  HH(f)opManHH  c 
KOOpflHHaTHO-MeTpHHeCKOH  H  BpeMCHHOH  npHBH3KOH  nOJIOJKeHHH  30H^a  C  nOMOtHbK) 
KOCMHHeCKOH  HaBHraiJHOHHOH  CHCTeMbI  "HaBCTap",  30Hfl  nOCTpoeH  Ha  COBpeMeHHOH 
ajieMeHTHOH  6a3e  h  HMeeT  cymecTBeHHO  jr/nmne  Maccora6apHTHbie  h  TOHHOCTHbie 
xapaKTepHCTHKH,  neM  P3  OTenecTBenHOH  pa3pa6oTKH  (cm,  TaSjMny  1). 

cosAaHHH  nojiHocxbK)  aBTOHOMHOH  cHcxeMbi  c6opa  h  nepenaHH 
MexeoHH(J)opMaHHH  c  P3  KOMnjieKca  "BojiHa-TH,"  paccMOTpeHa  B03MoxcH0CTb 
OCHameHHH  3THX  paflH030HHOB  TepMHHajiaMH  HH3KOOp6HTaJIbHbIX  CHCTCM  CBB3H 
"HpHAHyM",  "I’jioSacTap",  'ToHen",  H3  nepenHCJieHHbix  chctcm  npeAnonxHTejibHa 
"HpHAHyM",  o6ecneHHBaK)ii(aB  nepeAany  HH^opManHH  b  peajibHOM  MacmxaSe 
BpeMeHH  b  jtk)6om  panoHe  seMHoro  mapa. 

B  cocxaB  raoSajibHoro  MereopojiorHHecKoro  paiwosoHAa  bxoa3t: 

•  H3MepnTejibHbie  AaTHHKH  MeTeonapaMeTpoB,  H3Mepaiomne  TeMnepaTypy, 
BjiaxcHoexb,  aaBJieHHe  BosAyxa  h  coeraBjiaiomHe  cxopocxH  BeTpa; 

•  AaTHHK  H3MepHK>HIHH  HapaMeipbl  ABHJKeHHH  P3  B  aTMOC(f)epe  no  CnyXHHKOBblM 
paflHOHaBHraHHOHHbiM  chctcmbm  GPS/TJIOHACC  (MHoroicaHajibHbra  npHeMHHK 
cHraajioB  GPS/TJIOHACC), 

•  KOHTpOJUiep  C  MHKpOnpOHCCCOpOM  H  3ariOMHHafOmHM  yCTpOHCTBOM, 
ynpaBjiHiomHH  paooTOH  AaTHHKOB  h  oSecneHHBaiomHH  o6pa6oTKy  cnraanoB 
ABthukob,  3anoMHHaHHe  H3MepeHHoiS  HH(J)opMaHHn  h  ynpaBjieHHe  ee  nepeAaneH  no 
KaHajiaM  cbjbh, 

•TepMHHaji  cnyTHHKOBOH  CBH3H  THna  ToHeq"  hjih  THna  "HpkAHyM"  ajis 
HenocpeACTBeHHOH  nepeaaHH  hh^opmehhh  c  P3  uoTpe6HTe.riaM  no  cnyxHHKOBbiM 
KaHaaaM  cbjbh; 

•  aHTeHHbie  CHcreMbi  AaxHnxa-npneMHHKa  GPS/T aoHacc  h  TepMMHajia  cb»3h  ranoB 
Toneo,  "HpiiAnyM", 

•  6jiok  nuTaima,  o6ecneHHBaiomHH  3jieicTponHTaHHe  bccx  chctcm  P3  b  TeneHne 
BpeMeHH  cnycxa  b  aTMoc(J)epe,  Ha  ochobc  ahthcbbix  SaTapen; 

•  napaunoTHaa  CHCTeMa,  o6ecneHHBaK>maa  CHHxceHHe  P3  c  3a/iaHHOH  cxopocTbio  bo 
bc6m  AHana30He  bbicot  npoBeACHHH  H3MepeHHH  P3, 

•  KOpnyc  P3  pa3MemeHHa  ero  cocraBHbix  nacTeH. 

npeABapHTejibHaa  npopa6oTica  xexHHHecKoro  o6jiHKa  rao6ajibHoro  P3  PKK 
"Bojma-TL("  noica3ajia,  hto  npn  HcnojibsoBaHHH  TepMHHajiOB  chctcmm  "HpHAHyM"  oh 
Moxer  6biTb  C03flaH  c  xapaKTepHCTHKaMH,  npHBefleHHbiMH  b  Ta6iiHne  1 

CnycxaeMaa  Kancyjia  npeAHa3HaneHa  ajih  AOCTaBKH  paaho30haob  b  Tonxy 
aTMOc<f)epbi  c  3aAaHHbiMH  KoopAHHaraMH  h  oSecneneHHa  ycaoBHH  ero 
4>yHKHHOHHpoBaHHfl  Ha  Bcex  3Tanax  nojieTa  b  cocTaBe  CK  (reMnepaTypa,  ypoBCHb 


BJTyKbameHKO 


neperpy30K  h  Ap),  a  TaKxce  ycjiOBHH  Ha  momciit  nanajia  aBTOHOMHoro 
(J)yWKUHOHHpOBaHH»  paAH030HAa. 

j\ jih  jjocTaBKH  P3  b  saAaHHbie  oGjiacra  TU,  Moryr  6biTb  HcnojibaoBaiibi  CK 
SaAJincTHHecKoro  h  ruiaHHpyiomero  thtiob. 

TaSjiHua  1. 


P3 

hho 

Tafi^yH" 

7 

P3 

RD93 
GPS  10 

TjioGajib- 
HblH  P3  c 
TepwHHa- 

JIOM 

CHCTeMbi 

'HpHAHyM 

12 

24 

15-23 

Aa 

Aa 

150 

200 

200 

21 

21 

16 

16 

OCHOBHbie  xapaKTCpHCTHKH  CaMOJieTHbIX  MeTCOpOJIOrHHeCKHX  paAH030HA0B  H 

_ rjio6ajibHpro  paaH()30HAa  PKK  "Bojina-TU," _ _ 

j  ~1  HHCJieHHbie  3HaneHHH 


OcHOBHbie  xapaK  repiicrHiCH 


1  MaKCHMajibHaa  BbicoTa  c6poca,  km 

bboa  ocHOBHoro  napaunoTa  P3  Ha  BbicoTe,  km 

2  B03M0>KH0CTb  HCn0JIb30BaiIHH  KaK  B6AH3H 

nojnocoB,  T3K  h  b  TponHKax 

3  MaKCHMajibiraa  CKOpocTb 

npH  3aA6HCTBOB3HHH,  m/C 

4  BpCMS  CHH5KCHHA  30HAA,  MHH 

C  BbICOTbl  24  KM 
C  BbIGOTbl  14  KM 
C  BbICOTbl  8  KM 

5  CpoK  xpaneHHH  30haa  6ea  nepeicajinGpoBKH 

6  riepHOAHMHOCTb  onpoca  MereoAaTHHKOB,  c 

7  Macca  30HAa,  kt 

8  Pa3Mepbi  30HAa  (uhahhap) 

AHaMerp,  cm 
BbICOTa,  cm 

9  /],ajibHOCTb  npneMa  TejieMeTpHHecKofi 

HH(|)OpMaUHH,  KM 

10  PaAHonepeAaTHHK  TeaeMeTpHH 

(TepMHHan  CHCTeMbi  "PlpHAnyM") 
nacTOTa,  MTu 
MOIAHOCTb,  BT 

1 1  fluarraaoH  H3MepaeMbix  napaMerpOB: 

-  TeMnepaTypa  B03Ayxa,°  C 

-  OTHOCHTejIbHaH  BJiaxCHOCTb  BOSAyxa  b  % 

-  cocTaBjiafOLiiaa  CKOpocTH  BCTpa,  m/c 

-  aTMOC(|)epHoro  AaBJieHHfl  ,rlla 

12  ToHHOCTb  onpeAejieHHH  MecTonojioxceHHa 

P3,  m 

13  HaAOKiiocTb 


>3  jieT 
0,5 
0,4 


>3  jieT 
0,5 

2,5-3, 5 


raoSajibHaa 


(-50. .  .+40)  (-90. .  .+40)  (-90. .  .+40) 
+0.5  +0.2  +0,2 


+0,5 

+0,2 

(40... 95) 

(0...100) 

+5-20 

+2-5 

(0...150)±2 

(0...150)+f 

(1050...  100' 

(1060... 20 

±5 

±0,5 

0,96 

B.JIyKbameHKO 


npeMMymecTBa  CK  6ajuiHCTHHecKoro  rana  b  npocTOTe  ee  peajnmpHH  h  b 
MeHbtueH  CTOHMOCTH  pa3pa60TKH  H  CepHHHOTO  H3rOTOBJieHHH.  HeflOCTaTOK  -  B 
HeoSxoflHMOcTH  cneijHajibHOH  CHCTeMfai  pa3Be/ieHna  3thx  xancyji  b  33a^hhoh  o6jiacTH 
npocTpaHCTBa,  KOTopaa  bccmt  b  HecKOHbKO  pa3  Sojibme  crrycxaeMOH  Kancyjibi. 

IIjiaHHpyiomaa  xancyna  (ITK)  oSjia^aer  aapOAHHaMHHecKHM  xanecTBOM  h 
Hcnojib3yer  ho  By  to  tcxhojio  rmo  rnnep3fiyKOBOro  nJiaHHpyiomero  nojieTa  b 
aTMOC^epe,  no3BOjnnomyio  ocymecTBjiaxb  npocTpaHCTBeHHbifi  MaHeBp  3a  cner 
aapoAHHaMH^ecKHx  chji  c  cymecTBeHHO  MeHbUiHMH  MaccoBbiMH  3aTpaTaMH3. 

B  HacToameH  pa6oTe  npeACTaBjienbi  pe3yjibTaTbi  npopa6oTOK  CK  6ajumcTHHecKoro 
™na,  BbmojiHeHHbix  KB  "CajiiOT"  h  TPl],  "KB  hm.  axaaeMHKa  B.n.  MaxeeBa". 

KoHCTpyKTHBHO-KOMnOHOBOHHaH  CXCMa  H  OCHOBHbie  XapaKTepHCTHKH  cnycxaeMbix 
xancyji  GajumcTHHecxoro  rana  npeAcraBjieHbi  Ha  pncyHxax  2-3  h  b  Ta6jinuax  2-3 . 

<I>yHKqHOHHpoBaHHe  cnycxaeMOH  Kancyjibi  KB  "CajiiOT"  BbinojiHaeTca  no 
cjieflyioineH  cxeMe: 

Ilocjie  Bxo^a  b  miOTHbie  cjioh  aTMOC^epbi  CK  aapoAHHaMHnecKH 
cra6nj[H3HpyeTCH,  3aTeM  ocymecTBjixeTca  pacKpbime  xcecTKoro  TopM03Horo 
ycTpoficTBa  h  rauieHHe  cxopocTH  ao  BejiHHHHbi  aonycTHMOH  ajih  3aAeMcTB0BaHHa 
TopM03Horo  napamioTa  napamiOTHOH  chctcmw  (  650  m/c  ).  Ilocjie  ranienna 
cxopocTH  ao  BexrHHHHbi  200  m/c  ocymecTBjraeTCJi  BBeAenne  b  noTox  ocHOBHoro 
napaimoTa,  OTAejieHne  xynojia  TopM03Horo  napaunoTa  h  c6poc  Tenji03auiHTH0H 
o6ohohkh  cnycxaeMOH  Kancyjibi.  PaAH030HA  HanHHaeT  {fjyHKnnomipoBaTb  c  BbicoTbi  H 
=  20  KM. 


CucTeMa  aBTOMaiwcn  c  5/iokom  nmaHMR 

Meieo3QHq  \ 

Tenno3amviTHbiH  Kopnyc 
flaKeT  Tennon30.mi4MM 


OTCTpenuBaeMaR  KpbiniKa 
rtapaLUHDTHaR  cucTeMa 


Pmc.  2.  KoHCTpyKTMBHo-KowinoHOBOHHafl  cxeiwa  CK  KE  "CarnoT" 

KoHCTpyKTHBHO-KOMnoHOBOHHaa  cxeMa  CK,  pa3pa60TaHHa»  EPIJ  "KB  hm. 
axafleMHxa  B.II.  MaKeeBa",  noKa3aHa  na  pnc.  3. 


B.JIyKbHineHKo 


CnycicauMafi  Kancyna 
(e  cocmoxHWJ  ycmanoeKU  hs  pammy) 

Sf>0 


Phc.  3. 


Chaoboh  Kopnyc  CK  npeAcraBjiaer  H3  ce6a  hhahhap  (no3.1),  noAKpenjieHHbiH 
uinaHroyTaMH,  BbinoAHeHHbrii  H3  aAiOMHHHeBoro  cruiaBa.  C  napy>KHOH  cropOHbi 
chaoboh  Kopnyc  3amHmeH  TenA03amnTHbiM  noKpbiTHeM  Ha  KpeMHe3eMHOH  ochobc 
THna  nCT.  Ha  HapyacHOH  noBepxHOCTH  cmiOBoro  tcopnyca  b  xboctoboh  HacTH 
KpecToo6pa3HO  BbiriOAHeHM  Herbipe  KpoHuneHHa  (no3.  2),  Ha  KOTopbix  3aKpenAeHbi 
T0pM03Hbie  IHHTKH  (lT03.  3)  HHAHHApHHeCKOrO  npO(|)HAH  H3  THTaHOBOrO  cnaaBa, 
KOTopwe  TaKHce  samHiaeHb!  aHaaorHHHbiM  re n  A03a ihht hum  noKpbiTHeM. 

B  coctohhhh  ycTaHOBKH  Ha  paiccTy  (hah  gthkobkh  c  ABHraTeACM  Aopaarona) 
IAHTKH  npHacaTbl  K  KOpnycy  CK  H  CTHHyTbl  CTajlbHOH  A6HT0H  C  y3A0M  ^)HKCaiJ(HH,  B 
COCTaB  KOTOpOrO  BXOAHT  nHpOnaTpOH  C  BpGMCHHOH  3AAGp?KKOH  AO  15  C.  y3AbI 
KpenAeHHA  CK  k  ABHraTeaio  AOpa3rc>Ha  pacnoAoaceribi  b  hocoboh  hacth  xopnyca  CK. 
/(ah  yAepacaHHH  iahtkob  b  pa6oneM  noAoaceHHH  MeacAy  kaacabim  iahtkom  h  KopnycoM 


BJIyKbHuieHKO 


yctaHOBjieHbi  MerajumnecxHe  (3axpb:rrbie  TenA03amnTOH)  cxjiaAHbie  Tara  (no3.  4)  m 
THTaHa,  OftHHM  XOHIJOM  XpenfllUHeCH  K  XOHCOJIbHOH  HaCTH  IAHTXa,  a  ApyrHM  X  Kopnycy 

CK. 

BHyTpH  CHjioBoro  xopnyca  (b  repMOOTcexe)  Ha  mnaHroyrax  xpenmea  paAH030HA, 
b  xboctoboh  Hacxn  CK  pacnoiio>KeHa  KOMaHflHaa  annapaxypa  h  HcnoAHHTejibHbie 
sjieMeHTbi  Ha  3aneHCTBOBaHHe  ycTpoiiCTBa  bboas  b  ^eHCTBne  BbrraacHoro  napamiOTa 
P3 


Bca  annapaTypa  h  HcnojiHHTejibHbie  3JieMeHTbi  pacnoAoaceHbi  b  o6beMe  KpbiuiKH 
(no3.  5),  3aKpbiBaioineH  repMOOTcex  CK  h  3axpenjieHHOH  Ha  Kopnyce  pa3pbiBHbiMH 
KpeneacHbiMH  djieMeHTaMH  (noa.  6). 

B  pacKpbiTOM  coctoahhh  iahtxob  MaxcHManbHaa  njioma^b  MH^ejia  CK  cocTaBJiaeT 
S  =  0,33m2. 

KoMaHflHaa  annapaTypa  CK  npeAHa3HaneHa  fljra  Bbiaann  Ha  pacneTHofi  bhcotc 
HcnoaHHTejibHOH  KOMaHflbi  Ha  ycxpoHCTBO  OTAeaeHHa  xpbiuixH,  nocpeACTBOM 
KOTOpOH  B  B03AyuiHbIH  nOTOK  BBOAHTCa  napauiIOTHaa  CHCTeMa  paAH030Hfla. 

Momcht  Bbiaann  HcnojiHixrejibHon  xoMaHAbi  moxcct  6biTb  onpeAeaeH  npn 
HcnoAb30BaHHH  SapOAaxnHxa,  TepMopa3orpeBHoro  h  HHepunoHHOro  aatthkob  hjih 
nporpaMMHO-BpeMeHHoro  ycTpoiiCTBa  3jieKxpoMexaHHHecKoro  THna.  KoHxpeTHbiM  THn 
npHMenaeMoro  a&thhka  6yAeT  onpeAejieH  npn  AajibHeiimeM  npoexTHpoBaHHH. 

KpoMe  Toro  b  ko mah AHyio  annapaxypy  bxoaht  hctohhhk  nHTaHHa  h  npn6op, 
4>opMHpyK)mnn  KOMaHAy  Ha  nHponaxpoH  (no3.  7)  ycrpoficTBa  OTAeAeHHa  xpbimxH, 
HMeiomHH  ra30Byio  CBa3b  c  HaAAyBaeMbiM  o6beMOM  b  o6TK>pHpyioineH 
HHaHHApHnecKOH  noBepxHocTH.  Macca  komahahoh  annapaTypbi  oneHHBaeTca  b  1  xr. 


TaGjiHua  2. 


OCHQBHbie  xapaKTepncTHKH  CK 


.Ns 

n/n 

OCHOBHbie  XapaKTepiHCTHKH 

HHCJieHHbie  3Ha*ieHHH 

BapnaHT  1 
KB 

”CajnoT,,<s 

BapnaHT  2 
TPU,  "KB 
MaKeeBa"5 

1 

TaSapHTbi,  mm  -  AJiHHa 

520 

500 

-  AHaMCTp  (b  CilOKCHHOM  BHAe) 

300 

240 

2 

Macca  CK,  xr  b  tom  hhcjic 

15 

-  paAH030HAa(c  napamioTHOH  chctcmoh) 

2 

2,5. ..3,5 

-  xopnyca  CK  (c  6aAaHCHpoM) 

5,4 

10,5 

-  CHCTeMbI  aBTOMaTHXH  H  HCTOHHHXOB  nHTaHHA 

1 

-  Tenjio3auiHmeHHOH  xpbimxH 

-  CHCTeMbi  c6poca  xopnyca  CK 

1,2 

3 

y CAOBHH  Ha  BXOAe  B  lTJIOTHbie  CJIOH  aTMOC<i)epbI 

(Hbx=100  xm):  -  yroji  bxoab  Qbx,° 

4-24 

24-64 

-  CKOpOCTb  BXOAa  Vbx,m/c 

7300 

5200-6150 

4 

CxopocTb  CK  b  MOMeHT  bboaa  b  noTOx 

TopM03Horo  napamKJTa  P3,  m/c 

oxojio  650 

200 

5 

BbicoTa  BBOAa  b  noTOx  TopM03Horo 

napamiOTa,  km 

23 

25 

6 

MaxcHMajibHaa  neperpy3xa  npn  cnvcKe,  a 

70 

100 

7 

BaAJIHCTHHeCKHH  XOS^^HHHeHT,  M2/kF 

HilRWH 

0,03-0,04 

B.JIyxbamenxo 


Cxeiwa  4>yHKUHOHHpoBaiHHiti  CK  FPIJ  "KB  HMemi  aKapeMHKa  B.n.  MaKeeBa". 

nocjie  oTaejieHHH  ot  paKexbi  (hjih  ot  pBHraxeAH  popa3roHa)  nnponaxpoH  c 
3aflepacKofi  cpaGaxbraaex,  cxaxfflaa  penxa  cGpacbiBaexca  h  ocBoGoxcpaex  xopM03Hbie 
mHTKH,  KOTopbie  nop  AeHCTBHeM  npy)KHH  (no3.  8)  Ha  och  Kpenn'eHna  mnxKa  k  Kopnycy 
pacKpbiBaiOTCH  ao  paGonero  nopoxceHHa,  o6pa3ya  c  KOpnycOM  yroA  90  rpaAycoB. 

no  AOCTHAceHHH  BbicoTbi  H  =  25  km  no  cnrHapy  komahahom  annapaxypbi  H 
cpaSaTbiB aHiia  ncnoAHHxenbHbix  axeMeuxoB  3apeHCXByexca  rtHponaxpoH  ycTpoHCTBa 
oxpepeHHa  KpbiniKH.  B  oGnopHpyiomeM  o6beMe  co3paexca  paBAeHHe  pa3pbiBaiomee 
KpeneacHbie  ajieMeHTbi  h  KpbiiiiKa  BbiGpacbiBaexca  b  30Hy  aapopHHaMHHecKoro  noTOKa, 
bboah  B  AeHCTBHe  BbiTBJKHOH  napaunox,  3a  KOTOpbIM  TpaHSHTOM  BblTHrHBaeTCH 
och'obhoh  napauiiOT  h  paAK03OHp.  HeoGxopHMaa  CKopocTb  oTCTpeAa  KpbiniKH 
oSecneMHBaeTCA  hoa6opom  aahhh  oGxiopHpyiomero  ynacxKa  h  HaBecKoft 
nnpocpe acxb  . 


CncTeMa  pa3BepeHHH  cnycKaeMbix  Kancyji 

(^HCTeMa  pasBeAeHHA  npepHaaHaHena  pxa  oGecneneHHH  pa3BepeHHA  cnycKaeMbix 
KancyA  c  papH030HAaMH  no  npomapH  H3ynaeMoro  pafioHa.  3Ta  npomapb 
paccMarpnBaeTCM  b  nnocKOCTH  MecTHoro  ropH30HTa  Ha  BbicoTe  Hanaaa 
(JjyHKHHOHHpOBaHHB  H3MepHTeAbHbix  npH6opoB  20  km  h  HMeex  <})opMy  Kpyra 
AnaMeTpOM  400  km  hah  npKMoyroAbHHKa  c  pa3MepaMH  1800  x  400  km. 

AHanH3  pa3JiHHHbix  BapnaHTOB  cnocoGos  paABepeiiHa  CK  -  Hcn0Ab3OBaHne 
3aKpyTKH  MK3,  nopoxoBoro  aKKyMyAAXopa  paBAeHna  h  paKexHbix  pBHraxepeH 
TBepAoro  TOHAHBa  (PATT)  -  hosboaha  CAeAaxb  bbiboa  o  xom  ,  hxo  no  neAOMy 
KOMnAeKcy  noKa3axeAefi  paUHOHaAbHbiM  abaaoxch  HcnoAb30BaHne  paKexHbix 
PBHraxepeH  xBepAoro  xonAHBa. 

OpraHHsaunAMH  KB  "Caxiox"  h  rPL(  "KB  hm.  aKapeMHKa  B.n.MaKeeBa"  CAeAaHbi 
npoeKXHbie  npopaGoxKn  pByx  BapHauxoB  CK  c  MapuieBOH  Jjy,  cocxoameii  H3  cbh3kh 
P^TT  h  OAHoro  PATT. 

B  BapHaHxe,  npeAAOxceHHOM  KB  "Captox"6  aaa  cooGmeHH*  CK  HeoGxopHMQH 
xap aKxepHCXHnecKOH  cKopocxn  ncnoAb30BaHa  cba3ka  H3  3-x  PATT  (axperax  72  )  c 
noAHbiM  HMnyAbCOM  xkxh  no  och  pBHraxena  OKOAO  300  Kr*C. 

HaAHHne  xpex  pBHraxepeH  no3BOAaex  co3Aaxb  chmmcxphhho,  cGapaHCHpoBaHHyio 
no  Macce  h  MOMeHxaM  HHepnHH  cGopuyio  KOHCxpyKUHio.  HaAHHne  y  J\Y  oxKAOHeHHbix 
noA  yrAOM  ~30  rpaA.  conAOBbix  Gaokob  nosBOAaex  nepeHecxn  xonKy  nepeceneHna 
BexxopoB  xar  pBHraxepeH  no  npopOAbHofi  och  cbh3kh  Bnepep,  nepeA  neHxpOM  Macc 
CBA3KH,  hxo  oGecneHHBaex  ycxoixHHBbiH  nOAex  cbhskh  npn  paGoxe  A^ 

HeAOcxaxoK  axoro  Bapnanxa  -  GoAbniHe  ra6apHXbi  cbh3kh  h  HaPHHHe  B03MymeHHH, 
CBA3aHHbix  c  ouinGKaMH  oxpaGoxKH  HMnyAbca  kakamm  PATT.  ^ 

B  BapnaHxe,  npeppoxceHHOM  ITU,  "KB  hm.  aKapeMHKa  B.n.MaKeeBa  , 
cxaGiiAH3HpoBaHHoe  ABHxeHHe  CK  nPH  Bbipane  KoppeKxnpyiomero  HMnyAbca 
HHAHBHAyaAbHbiM  PATT  oGecneHHBaexca  3a  cnex  ee  aaxpyxKH  oxHocHxeAbHO 
npoAOAbHOH  OCH,  HO  noaBAaioxca  npoGpeMbi  c  oGecneneHHeM  Hapexmoro  BBOpa 
napannoxa  y  3aKpyneHHOH  CK. 


B.JIyKbameHKO 


Bbi6op  jiyninero  H3  paccMOTpeHHbix  sapnaHTOB  Sy^eT  npoiBBe^eH  Ha 
nocjieAyioipHx  aranax  npoeKTHpoB  amm  c  yneTOM  KOAHHecTBeHHbix  oneHOK 
BbimeyKa3aHHbix  (J)aKTopoB 

OcHOBHbie  xapaKTepHCTHKH  CBA3KH  CK  h  Jjy  npeACTaBjieiibi  b  TaSuHiie  3. 

TaSjinua  3. 


OcHOBHbie  xapaKTepHCTHKH  CBH3KH  CK  H 


JVe 

OcHOBHbie  xapaKTepHCTHKH 

HncjieHHbie  3Ha*ieHHH 

n/n 

BapuanT  1 
KB 

"CajiiOT"6 

BapnaHT  2 
TPIJ  "KB 
MaKeeBa"5 

1 

KoAHnecTBO  KancyA  b  cbm3kc,  let. 

1 

1 

2 

KOAHHeCTBO  AV  B  CBH3KC,  U1T. 

3 

1 

3 

Macca  CBH3KH,  Kr 

30 

26-27 

■ 

ra6apHTbI  CBB3KH,  mm: 

-  AAHHa 

520 

800 

■ 

-  nonepeHHbiH  pa3Mep 

240 

5 

IIOAHblH  HMITyAbC  TATH,  KrC 

246 

6 

3anac  xapaKTepucTHHccKOH  ckopocth,  m/c 

90 

7 

CpOK  C03AAHMA,  rOAM 

2 

2 

laKJHPHeiiHe 


1.  Pa3pa6oTaHa  KOHnermiix  co3flaHHH  ManoraoapHTHbix  cnycKaeMbix  xancyji  juw 
KOHTaKTHOrO  30HAHp0BaHHa  o6jiaCT6H  npHpOAHblX  H  TeXHOreHHbIX  KaTaCTpo4>  b 
jiio6om  pafioHe  36MHoro  mapa. 

2.  OrXIHHHTejIbHblMH  OCoSeHHOCTHMH  CK  HBJTBfOTCa: 

•  raoSajibHOCTb  AeftcTBMH  3a  cner  HcnoAb30BaHHH  paxenibix  cpeACTB  AOcraBKH 
6ojibmoro  KOjiHnecTBa  Mano ra6ap hthmx  paAnosonAOB  b  jho6oh  pafioH  3eMHoro  mapa; 

•  B03MOXCHOCTb  OnepaTHBHOTO  pa3BeAeHHH  paflH030HAOB  B  npOCTpaHCTBe  AJia 
npoBeAeHHH  OAHOBpeMeHHbix  H3MepeHHH  Ha  ruiomaAH  b  cothh  thcbh  KBaApaTHbix 
KHAOMeTpOB, 

•  BbICOKOTOHHOe  KOOpAHHaTOMCTpHpOBaHHe  pe3yAbTaTOB  H3MepeHHH  C  nOMOLAbK) 
KOCMHHecKHx  HaBHrauHOHHbix  CHCTeM  I7I0HACC,  HaBCTap; 

•  nepeAana  HmjjopMauHH  co  Bcex  paAH030HA0B  b  peanbHOM  MacniTa6e  BpeMeHH  b 
peHTpbi  c6opa  h  o6pa6oTKH,  pacnoAaraeMbie  b  ak)6om  panoHe  3eMHoro  mapa,  c 
nOMOIABK)  KOCMHHeCKOH  CHCTGMbl  nOABHACHOH  nepCOHaAbHOH  CBA3H  "HpHAHyM". 

3.  IIpoeKTHbie  npopa6oTKH  CK  c  MOAH^mjHpoBaHHbiM  paAH030HAOM  rana  RD-93 
GPS  Dropwindsonde,  noica3ajiM  B03MO>KHOCTb  hx  C03AaHHa  b  TeneHHH  2  act  co 


cAeAyiomHMH  xapaKTepucTHJcaMH 

Macca  CK,  kt  10-15 

b  t.h.  Macca  paAH030HAa,  icr  2,53-3,5 

T a6apHTbi  CK  AAHHa,  mm  500 

AHaMerp,  mm  240 


B.JIyKbameHKO 


/JuancBOH  pa6oHHx  bbicot  paunoaoima 
BpeMa  cnycKa  P3  c  bbicotm  24  km,  mhh. 

ToHHOCTb  onpeflejieHHH  MecTonojxoaceHHa  paAH030Haa,  m 
ToHHOCTb  H3MepeHHH  napaMeTpoB  a.TMoc(f)epbi: 
TeMnepaTypa  B03Ayxa,  rpa/t  C 
OTHOCHTejIbHaa  BJiaJKHOCTb,  % 

aaBjieHHe,  Ena 

cocTaBJiHioinHe  ckopocth  serpa,  m/c 
Ilep no AHHHOCTb  onpoca  paAH030iwa,  c 


20-0 

21 

±30 


(-90... +40)  ±  0,2 
(0...100)  ±  2-5 
(1060. ..20)  ±  0,5 
(0...150)  ±  0,5 
0,5-3 


■JlHTepaTypa 

L  Ah(|)hmob  H.A.,  ropaeeB  C.II,  KapMa3HH  B II.,  KaTyniKHH  B  IO ,  Kepuejum  EM., 
KHcejieB  JIM.,  MejibBHKOB  H.A.,  IBienoB  B.A.,  Cmhphob  H.A.,  <X>HJioco(j)OB  B.C., 
L(bi6yjibCKHH  r.A.  Cnocob  onepaTHBHoro  HccjieflOBaHHa  aTMOC(|)epbi,  3eMHon 
nOBepxHOCTH  h  OKeaHa.  Hbtcht  Pocchhckoh  Oe^epaunH  Ns  2041476  ot  17.08.92 
MTIK  G01W1/08. 

2'  CpaBHjrrejibHbiH  aHajiH3  3 cj) (|) e kth b h o ct h  npeAJiaraeMbix  aspopaKCTHO-KOCMHnecKHx 
KOMruieKCOB  h  cymecTByromax  cpeucTB  nccjieAOBaHna  npopeccoB  TponnnecKon 
30Hbi.  HTO  no  HHP  "C^epa-K".  HncTHTyT  3KcnepnMeHTajibHon  MereopojioraH 
HUO  "Tan^yH",  1997. 

3  HccjieAOBaHHe  B03MO>KHbix  BapnaHTOB  TexHnnecKoro  oSjiHKa  aapopaKeTHO- 
KOCMbinecKHX  komiijickco b  onepaTHBHoro  pearnpOBaHHH  Ha  TponnuecKHe  uhkjiohm 
h  nyreH  hx  co3aaHna  h  BKcnjiyaTapHH.  TexHHKO-3KOHOMHHecKHH  aHajiH3  BapnaHTOB 
KOMnjieKCOB .  HTO  no  HHP  "C(J)epa-K".  HHHHMAIII,  1997. 

4  Loukiachtchenko  V.I.,  Senkevich  V.P.,  Semenenko  EG.,  Tsyboulsky  G.A.,  Utkin 
V.F.  ROCKET/SPACE  SYSTEM  FOR  FAST  DIRECT  SOUNDING  OF  LARGE- 
SCALE  ECOLOGICAL  AND  NATURAL  DISASTERS  AREAS.  TsNHMash, 
Russian  Space  Agency,  Russia.  IAF-1997.  48th  IAC.  Turin,  Italy. 

5  PaKeTHO-KOCMHHeCKHH  KOMnjieKC  AJM  KOHTaKTHoro  30HAnp0BaHHH  TponnnecKHX 

uhkjiohob  Ha  6a3e  PH  "BojiHa"  (BPnJI  PCM  -  50)  Htmenepnaa  3anncKa.  TPH,  «KB 
hm.  aKaneMHKa  B  .n.MaKeeBa»,  1998. 

6  HccjieAOBaHHe  uejiecoo6pa3HocTn  co3AaHna  h  o6ocHOBaHne  npoeKraoro  o6jinKa 
KOCMHnecKoro  KOMnnexca  KOHTaKTHoro  30HAHpoBaHna  TponnnecKHX  uhkjiohob, 
030H0Bbix  flbip  n  T.n.  HTO.  KB  "CaiiiOT"  TKHim  HMenn  XpyHHneBa,  1993. 

7  PeKJiaMHbin  npocneKT  pa.AH030HAa  RD-93  GPS  Dropwindsonde,  (jjnpMbi  Vaisala. 
HHTepHeT  http://WWW.vaisala.com.  1998. 

8  KoMnjieKC  annapaTypw  ajih  H3MepeHna  BepTHKajibHbix  npo^nuen  Mereoa jieMe ht o b 
c  noMontbio  cSpacbiBaeMoro  caMonernoro  MeTe03OHaa  (KOMnjieKc  "BepTHKajib"). 
TexHnnecKoe  onncaHne.  TocyAapCTBeHHbin  komhtct  CCCP  no 
rHflpoMereopojiornH,  HnO  "TantJjyH",  KB  "MeTeonpn6op",  1990. 

9-  BiojiJieTeHb  BMO  1993  Ns4,  1994  Ns4,  1996  Ns4. 

10  Cole  H.  NCAR  licenses  Vaisala  Inc.  to  build  the  new  NCAR  GPS  dropsonde  and 
aircraft  data  system.  Vaisala  News,  1997,  Nsl42,  pp  15-17. 


B  JlyKbameHKO 


np>Kapoiio/xaBjieiomnii  komiijickc  ajih 
jiOKajin3auHn  it  lymeHHH  jiecm>ix  nowapoB 


TypoB  A.H.,  3axapoB  B.H.,  JlH6ep30H  M.P.,  Mhthh  E.C., 
CbicuoB  A.C.,0^hoboji  JI.A.,  Cmxhhkob  A.H. 

MejKflyHapo^HbiH  (j)OH,a  noneqHxejreH  MTTY  hm. 

K .  3  HHOJIKOBCKOrO 

103167  r.  MocKBa,  yji.  IleTpoBKa,  27 

C  Ka>Ka;biM  toaom  aicojiorHHecKaa  6e3onacHOCTb  3cmjih  Bbi3biBaeT 
Bee  Oojibiuyio  xpeBory,  HecMOxpa  na  npHHHMaeMbie  ycHjimi.  Oahhm  H3 
ocHOBHbix  HanpaBJieHHH  peuieHHH  3KOJiorHHecKOH  npoOjieMbi  aBJixexcx 
Ha6moaeHHe  3a  coctoahhcm  OKpyacaiomeH  cpe^bi  c  pejibio  nojiyqeHHfl 

AOCTOBepHOH  HH(|)OpMaUHH  O  C0CX03HHH  QQ  napaMexpOB  H  npHHflXHJI 
a^eKBaTHbix  peineHHH. 

EAHHaa  rocy^apcTBCHHaa  cucTeMa  3KOJiorHqecKoro  MOHHxopHHra 
(ErC3M)  BKJiioqaex  F ocyqapcrBeHHyio  cjiyacOy  HaOjuoflefflni  (rCH), 
KOMnOHeHTaMH  KOTOpOH  tfBJHHOXCq  Ha3eMHOe,  aBHaHHOHHOe  H  KOCMHPqe- 
CKoe  HaOmoaemie.  B  pemeinm  3KOJiorHqecKHx  3a,o;aq  TCH  npH3BaHa 
OKa3biBaTb  HH(J)opMaunoHHyio  nozwep^KKy  EFC3M  qaiiHMMH  o  cocxoa- 
hhh  aOHOTHHecKHx  npopeccoB  h  H3MeHeHHH  napaMeTpoB  npnpoAHOH 
cpe/jbi. 

Bo3mo»chocth  paajiHqHbix  cnocoOoB  HaOmoAeHHa  oqeBH^Hbi. 
O^HaKO  npnopHTeTHoe  pa3BHxne  KOCMHqecicoro  MOHHxopHHra  onpejje- 
JTaeTCa  He  XOJIbKO  3XHM.  no  /jaHHblM  f  OCKOM3KOJIOrHH  B  HejTOM  CTOH- 
MOCTb  flaHHbix  aBHapHOHHOH  cbSmkh  3HaqHTejibHO  npeBbiniaeT  CTOH- 
MOCTb  CnyTHHKOBOH  HHtjjOpMaiJHH  (npHMepHO  B  10  pa3)  .  KaqeCTBO  7KQ 
nocjieziHeH  He  ycxynaex,  a  b  Heicoxopbix  cjiyqaax  (KOHBepCHpyeMbie 
pa3Bea;biBaxejibHbie  cnyxHHKH)  npeBocxoanx  aBHauHOinibie  aanHbre  no 
HH^opMaxHBHocxH,  rqoOajibHocxH  h  peryjiapHocxH. 


3KonorHHecKaa  onacHOCTb  h  TJDKejibie  nocjieACTBHfl  KpyimoMac- 
niTa6Hbix  jiecHbix  noicapoB  oneBHAHbi  h  He  Tpe6yiOT  AonojiHHTejibHoro 
oSocHOBaHHH.  #o  HacToanjero  BpeMeHH  ohh  aBJunoTca  oahhm  H3  Han- 
6onee  nacTbix  hbjichhh,  HaHOCflmnx  He  tojibko  orpoMHbra  3K0H0MHne- 
ckhh  ymep6,  ho  h  3HanHTejibH0  yxyAuiaiOT  aKonoranecKyio  o6cTaHOB- 
Ky,  T.K.  COnpOBO>KAaK)TCa  6ojlbIHHMH  Bbl6pOCaMH  Ca>ICH,  KOnOTH  H  ABy- 
okhch  yrjiepoAa  (ot  3  ao  150  mhjtjihohob  tohh  b  to  a)-  KpOMe  Toro,  ohh 
cnocoScTByiOT  3po3HH  noHBbi,  H3MeHeHHio  jiaHAinacjyra,  Bbi3biBaiOT  th- 
6enb  >KHBOTHbix,  cHtDKaiOT  BOAHbie  pecypcbi  h  T.n.  C  1978  no  1981  ro- 
Aw,  HanpHMep,  b  EBpone  exceroAHO  B03HHKajio  b  cpeAHCM  3500  noaca- 
poB,  npH  KOTOpbix  BbiropaAO  666  000  ra  jieca;  b  CIIIA  h  KaHaAe-161 
300  no>KapoB,  KOTOpbie  yHHHTOJKHJiH  4  478  000  ra  Jieca.  Tojibko  b  Poc- 
chh  e>KeroAHO  perHCTpnpyeTca  oojiee  20  tbichh  JiecHbix  no>KapOB,  b  or- 
He  KOTOpbix  nornOaeT  He  MeHee  nonyTopa  mhjtjihohob  reicrapoB  Jieca, 
npHneM  c  nepHOAHHHOCTbK)  b  6-7  jrex  HaSjnoAaexca  pe3Koe  B03pacTaHHe 
HHCJia  noacapOB.  TaK  3a  nepBbie  rnecTb  MecapeB  1997  rona  Ha  TeppHTO- 
pHH  Pocchh  3acj)HKCHpoBaHO  12  910  jiecHbix  no^capOB.  B  nocjreAHee  Ae- 
CUTHAeTHe  B  CB513H  C  pe3KHM  yxyAHieHHeM  3KOJIOrHHeCKOH  o6cTaHOBKH 
npoSjieMa  TymeHna  JiecHbix  nomapOB  npHo6pe.ua  ocoSyio  ocTpOTy. 
CymecTByiomHe  cnoco6bi  6opb6bi  c  hhmh  BecbMa  pa3HOo6pa3Hbi,  mho- 
rne  H3  hhx  peajiH30BaHbi,  ho,  k  co>Kajieiraio,  acejiaeMbix  pe3yABTaTOB  b 
6opb6e  c  jiecHbiMH  noacapaMH  ao  chx  nop  aoOhtbch  He  yAaJiocb. 

CpeAH  MHoroHHCJieHHbix  choco6ob  xymeHna  jiecHbix  noxcapoB 
aBHanHOHHbie  3aHHMaiOT  oco6oe  MecTO  OjiaroAapn  cbogh  onepaTHBHO- 
cth,  mo6hjibhocth,  a  raKJKe  chocoShocth  AOcxaBiuiTb  3HanHTejibHbie 
rpy3bl  (AeCHTKH  TOHH)  3a  COTHH  KHJIOMeTpOB  OT  MeCTa  6a3HpOBaHHH. 
3th  cnoco6bi  h  cooTBeTCTByroiipie  hm  TexHHnecKHe  pemeHHa 
nocToaHHO  coBepmeHCTByiOTca,  oco6eHHO  b  nocjreAHee  BpeMa  b 


Pocchh,  Kor^a  b  3kohomhkc  cxpanw  Bee  Sojitmyio  pojib  npno6pexaeT 
060p0HHbIH  KOMIIJieKC. 

He3aBHCHMO  ot  npHMeHaeMoro  cnocoSa  HeoSxoAUMO  peniHTb 
p*A  o6iphx  3aAan,  ocHOBHbie  H3  Koxopwx  ycjiOBHO  mo>kho  oSbeAHHHXb 
b  cneAyiomHe  xpn  rpynnw, 

1.  MH(J)opMauHOHHaa. 

2.  TpaHcnopTHaa. 

3.  3HepreTHHecKaa. 

IlepBaa  rpynna  BKjnoHaex  3a^a4H  HaSmoneHna,  oSHapyxceHHH  h 
H^eHTH^HKapHH  no>icapa,  nepeAann  HHcjjopMapnH  n  npnHJixHH  pemeHna 
no  BbiGopy  cnoco6a  6opb6w  c  hum,  a,  cneAOBaxenbHo,  chji  cpe^CTB  n 
TaKraKH  TymeiiMH. 

BTOpaa  rpynna  Henocpe/jeTBeHHO  CB5i3ana  c  nepBon  n  npeanojia- 
raeT  BbiSop  cnoco6a  aocxabkh  oraeTymainero  BeinecTBa  CHanana  b 
panoH  noacapa,  a  3aTeM  n  b  ero  soey. 

PemeHne  3aaan  xpexben  rpynnw  npeAnonaraex  b  HTore  Bbi6op 
cnoco6a  hjik  cnoco6oB  Henocpc^CTBeiiHoro  B03AencxBHa  Ha  30Hy  no- 
jxapa. 

3a,aa4H  nepBon  rpynnw  aBjunoTca  o6ihhmh  ajm  Bcex  cymecT- 
Bytomnx  n  nepcneKTHBHwx  cnocoSoB  TymeHnsr  jiecHbix  noacapoB  n  nx 
paccMOTpeHne,  BCjre^CTBHe  6ojibinon  cjio»chocth  h  oSbeMa,  aojdkho 
CTaTb  npea,MeTOM  oco6oro  aHajin3a. 

B  nocneAHne  Asa  AecaxMjTexna  necooxpaHHbie  cjiyacSw  MHornx 
CTpaH  npoHBjraioT  noBbinieHHWH  nHTepec  k  pa3BHTHio  aBnapnoHHbix 
cnoco6oB  TyuieHHH  jiecnbix  noAcapoB. 

npHMetraeMbiH  b  Hacxoamee  BpeMa  aBHapnoHHbiH  cnoco6  npen- 
nonaraeT  AoexaBKy  cocxaBa,  name  Bcero  boam,  b  3oey  no>icapa  n  c6poc 
ero  HaA  4>pohtom  orrox  3xox  cnoco6  HeAoexaxonHo  3(i)(j)eKXHBeH,  x.k. 


npH  BBIJIHBe  Ha  OXHOCHXCAbHO  Sojibhioh  CKOpOCTH  (70-100  m/c)  H  BblCO- 
Te  (100  H  6ojiee  MeTpoB)  ochobhcW  Macca  cocTaBa  Ancneprapyexca  h 
onycKaexca  c  ManoS  cKopocxbK),  He  nonaaaa  b  30Hy  oraa.  Cymecx- 
ByiomHe  aBnaHHOHHbie  cpeACXBa  oOecnenHBaiox  pacxoA&i  nopaAKa  5-6- 
th  Kr  /kb.  Meip  noBepxHOCTH,  hto  npH6iiH3HTejTbHO  b  2  paaa  MCHbrne 
Heo6xoAHMoro 

npeAnaraexca  hobbih  cnoco6  xyniCHwa  jiecHbix  mmapoB,  koxo- 
pbift  peajiH30BaH  b  noacaponoAaBJiaiomeM  KOMHJieKce,  pa3pa6oxaHHOM 
BoeHHO-B03AyuiHOH  HHaceHepHOH  aKaAeMHew  hm.  H.E.TKyKOBCKoro  h 
paAOM  HHH  h  KE  npH  coa6hcxbhh  Me>«AyHapoAHoro  (Dohaa 
noneHHxejTeH  MocKOBCicoro  rocyAapcxBeHHoro  aBHaiiHOHHoro 
xexHOJiorHHecKoro  yHHBepCHxexa  hm.  K.3.U,HOJiKOBCKoro. 

B  AaHHOM  KOMnjieKce  yKa3anHbm  HCAoexaxoK  ycxpaHaexca  nyxeM 
cOpacbiBaHHa  c  Bepxonexa  b  30Bty  orna  Kancyn  c  orHexymamHM  cocxa- 
bom.  Koxopbiii  Ha  Bbicoxe  2-5  MexpOB  ox  noBepxHoexH  3Cmjih  AHcnepr  u- 
pyexca  c  noMombK)  HeOojibuioro  KOjmqecxBa  B3pbmqaxoro  BemecxBa. 
ripn  3xom  Aocxuraexca  cjieAyiomHH  3(})(J)eKX. 

1.  Bo3AyniHaa  yAapnaa  BOJina  h  ckopocxhoh  Hanop  cShbaiox 
njiaMa  b  paAHyce  8-10  MexpOB,  npH  sxom  c  noACXHjiaiomeH 
noBepxHoexH  h  H3  HHameH  nacxH  KpOH  AepeBbeB  yAajiaexca 
jiecHOH  ropKWHH  MaxepHaji  (MenKHe  BexKH,  xboa,  onaBiuHe  h 
cyxae  jiHCXba  am). 

2 .  Aaposojib  HHxeHCHBHO  ox6npaex  BbiAenaiomeeca  xenjio  h  pe3- 
ko  cimacaex  xeMiiepaxypy  OKpyacaromeH  cpeAw,  1ito,  b  coqe- 
xahhh  c  BbimecKa3aHHbiM ,  3HaqHxejibHO  cHHacaex  paAnycw 
nporpeBa,  cyiHKH  h  napomm,  3axpyAHaa  AaJibHeftinee  npo- 
ABHaceHHe  (j)ponxa  noacapa. 


3.  MecTO  ropemia  H30jnipyexca  ot  KHCjiopopa  B03p;yxa  o6jiaKOM 
npo/tyKTOB  B3pbiBa  h  pacneprapoBaHHoro  cocTaBa,  xxo  b  co- 
xexamiH  c  ocgbihhmh  ero  KOMnoHeHTaMH  nperoixcxByex  poc- 
Tyny  B03pyxa  k  oxary,  ripe^OTBpamaa  noBTOpHoe  B03ropaHHe. 

Kancynti  npe^cxaBjiaiox  co6oh  repMexHHHBie  cocynBi  cmkocxbio 
40-50  jiHTpOB,  CHa6)KemiMe  pacnojioaceHHBiM  BHyxpn  pHcneprapyio- 
iu;hm  3apaflOM  h  B3pBiBaTejibHLiM  ycxpoiicxBOM.  3apap  h  aexonaxop  jier- 
ko  ypaimoxca  H3  KancyiiBi,  xto  no3BOJiaex  xpaHHXB  hx  pa3pejibHO.  Kan- 
cyjiBi  y CTaHaBjiHBaroTca  b  xpaHcnopxup o bohhbih  KOHxeftHep  (TK)  mho- 
ropa30Boro  npHMeHeHna,  cHaOaceHHBin  ynpaBjiaeMBiMH  3aMKaMH  pjia 
cOpacBiBaHHa  noxcaponopaBJiawmHx  ycxpoHCTB  (Lilly)  c  onpepejieH- 
HBIMH  HHTepBajiaMH.  Bee  AOIIOJIHHTeJIBHBie  yCTpOHCTBa  H  SJieMeHTBI  aB- 
TOMaTHKH  pa3MeiuafOTca  na  TK-axo  no3BOJiaex  ncnojiB30BaxB  /pia  no- 
acapoxymeHHa  Bepxojiexbi  paanuxHBTx  xotiob  npn  nx  He3HaxnxejiBHOH 
^opa6oxKe. 

SKcnepHMeHxajiBHo  ycxaHOBJieHO,  xxo  pacxoa  ornexyinamero  co- 
cxaBa  npn  ycxoHHHBOM  xymemin  cocxaBJiaex  120-150  r  Ha  kb.  Mexp 
noBepxHoexH,  xxo  npH6jiH3Hxe.jiBHO  b  100  pa3  MCHbine  xpeOyeMoro 
pacxo^a  BOflBi.  3xo  paex  bo3mo>khocxb  o^HOMy  Bepxonexy 
rpy3onop'BeMHOCXBK)  5000  Kr  o6pa6oxaxB  nojiocy  iuhphhoh  20  h 
npoxjDKeHHOcxBio  1500-1850  MexpoB  (njiOHiapB  30000-37000  kb. 
MexpoB). 

^ocxoBepHocxB  npHBCAeHHBix  paHHbix  nopxBepacpeHa 
MO^eJIBHBIMH  HCHBIXaHHaMH  Ha  nOJIHrOHe,  B  KOXOpBIX  JieCHOH  nOJKap 
MO^ejmpOBajica  Ha  HeOojibnmx  HCKyccxBeHHO  C03#aHHBix  yxacxKax 
jieca  (c  pexHcxpapneH  xeMnepaxypHBix  pokhmob  b  kohxpojibhbix 
xoxKax).  3axeM  pe3yjiBxaxBi  6bijih  no^xBepac^eHBi  b  HaxypHBix 


3KcnepHMeHTax  na  HCKyccxBenHQ  C03paHHbix  jicchmx  noacapax.  npH 
CTapnoHapHOM  pa3MemeHHH  nny. 

ripe^JiaraeMbin  cnocoS  Moacex  6bnx>  MopH(j)HHHpOBaH  AJia 
oxpaHbi  CKJiaaoB,  xpaHiuinm  TCM  hjih  jierKOBOcnjiaMeHaiomHxca 
MaTepHajiOB.  B  3xom  cjiynae  nny  pacnojiaraioxca  Ha  xeppnxopHH 
xpaHHJiHma  b  HaH6ojiee  BepoaxHbix  Mecxax  B03ropaima.  BoeBbie  penH 
pojiacHbi  6biTb  npojioaceHbi  sapanee  h  nny  npHBOpaTca  b  peHCTBue  b 
MecTax  B03HHKH0BeHH»  OO/Kapa.  npH  Heo6xOPHMOCTH  CHCTeMa  MOMCeX 
oSopyapBaxbca  aBxoMaxHKOH,  Koxopaa  aojiacHa  BH3BaTb  cpa6axbiBaHHe 
nny  npH  3apaHHbix  ycjiOBHax  oKpyasaiomeH  cpepbi. 

SKcnjiyaxapna  nny  h  opraHH3apHa  pa6oT  ponacHa 
ocymecTBJiaTbca  cnepHajiHexaMH,  noproxoBjieHHbiMH  b  oSjiacxH 
B3pbIBa. 

noacaponopaBJiarouiHe  ycxponcxBa  MoryT  3anojinaxbca  ino6biM 
H3  cymecxByioin,Hx  orHenopaBJiaioipHx  cocxbbob,  opHaico,  KaK  noKa3ajiH 
HCcaepoBaHHa,  HaH6ojiee  nepcneKXHBHbiMH  aBnaioxca  CMecu  Ha  ochobc 
npHpoAHbix  KOMnoHeHxoB,  hxo  no3BOJiaex  nojiyHHXb  3K0 jiorHHec kh 
HHexwe,  peuieBbie  h  pocxaxoHHO  3(f)(j)eKXHBHbie  cocxaBM. 

Pa3pa6oxaHHbie  cnoco6,  ycxponcxBa  h  oraerymamHH  cocxaB  He 
aBJiaioxca  ajibxepHaxHBOH  cyipecxByroipHM,  a  ponojiHaiox  hx  pa3HOo6- 
pa3He  h  npepnojiaraiox  KOMnneKCHoe  Hcnojib30BaHHe,  cnocoScxBya 
3XHM  pajibHeraneMy  noBbimeHmo  34>(J)eKXHBHOCXH  6opb6bi  c  jiecHWMH 


noacapaMH. 


Fire  Suppressing  Complex 
for  Localizing  and  Extinguishing  Forest  Fires 


A.I.  Gurov;  V.I.,  Zakharov;  M.R.  Liberzon;  B.S.  Mitin;  A.S.  Systsov;  L.A.  Odnovol;  A.N. 

Sytnikov 

MAT!  -  RGTU  K.E.  Tsiolkovskiy 
27,  Petrovka  st.,  Moscowl03167 

Ecological  safety  of  the  Earth  is  causing  more  anxiety  every  year  despite  all  efforts  which 
are  being  made  in  this  respect. 

One  of  the  main  directions  of  solving  the  ecological  problem  is  environmental  monitoring 
with  the  purpose  to  collect  true  information  in  environmental  parameters  and  make  adequate 
decisions.  Potentialities  of  various  observation  methods  are  obvious.  But  the  priority  in 
developing  space  monitoring  is  determined  not  only  by  this.  According  to  the  data  of  the 
GOSCOMECOLOGIA  aerial  survey  data  in  general  cost  much  more  than  the  data  collected  by 
means  of  sattelites  (over  10  times  more).  And  the  quality  of  sattelite  information  is  as  good  as 
that  of  the  aerial  survey  data  and  in  some  cases  (conversible  exploratory  sattelites)  even  better 
from  the  point  of  view  of  the  volume  of  information,  global  scale  and  regularity. 

Ecological  hazard  and  serious  consequences  of  conflagration  type  of  forest  fires  are 
evident  and  do  not  require  any  further  substantiation.  The  existing  fire-fighting  methods  are  so 
different  and  many  of  them  have  been  practically  applied  but  the  desired  results  in  fire  control 
have  not  been  achieved  yet. 

Forest  fire-fighting  methods  based  on  use  of  aircrafts  occupy  a  special  place  among  many 
other  methods  of  forest  fire  extinguishing  as  they  ensure  prompt  reaction  mobility  and  capability 
to  deliver,  large  loads  (tens  of  tons)  to  the  points  hundreds  of  kilometers  away  from  a  base  site. 

Such  methods  and  related  technical  solutions  are  being  continuously  improved  in  Russia, 
in  the  last  few  years  in  particular,  when  the  country’s  defence  complex  starts  to  play  an 
increasingly  important  part  in  the  national  economy. 

In  the  last  two  decades  forest  preservation  services  of  many  countries  took  an  active 
interest  in  the  development  of  aircraft  based  methods  of  forest  fire-fighting.  The  method  of  this 
type  which  is  used  now  provides  for  the  delivery  of  a  mixture,  in  most  cases  it  is  water,  to  a  fire 
area  and  discharge  of  such  mixture  over  the  flame  zone.  But  this  method  does  not  perform  well 


enough  because  the  major  part  of  water  discharged  at  a  relatively  high  velocity  (70-100  m/s)  and 
a  large  height  (over  100  km)  is  dispersed  and  falls  down  at  a  low  speed,  missing  the  flame  zone. 

The  modern  aircraft  devices  ensure  the  discharge  of  about  5-6  kg  per  sq.m  of  area,  that  is, 
two  times  less  than  needed. 

A  new  method  of  extinguising  forest  fires  is  proposed  which  has  been  realized  in  a  fire 
suppressing  complex,  designed  by  the  Military  Aviation  Engineering  Academy  n.a.  N.Ye. 
Zhukovsky  and  a  number  of  research  institutes  and  design  offices  with  the  assistance  of  the 
International  Trustee  Foundation  of  the  Moscow  State  Aviation  Technological  University  n.a. 
K.E.  Tsiolkovskiy. 

The  above  described  disadvantage  of  the  existing  method  is  eliminated  in  the  new 
complex  due  to  the  application  of  capsules  containing  fire-extinguishing  mixture,  which  are 
thrown  in  the  fire  zone  from  a  helicopter.  At  a  height  of  2-5  m  from  the  land  surface  this  mixture 
is  dispersed  with  the  help  of  some  explosive  material.  Thus,  the  following  effect  is  achieved. 

1 .  An  air  shock  wave  and  the  pressure  due  to  velocity  knock  off  the  flame  in  the  range  of 
8-10  m;  at  the  same  time  forest  combustible  materials  (short  branches,  coniferous  needles, 
abscissed  and  dry  leaves,  etc.)  are  removed  from  the  debris  layer  and  lower  parts  of  tree  crowns. 

2.  The  aerosol  takes  off  the  released  heat  drastically  lowering  down  the  ambient 
temperature;  all  this  combined  with  the  above  described  effects  considerably  reduces  the  radious 
of  heating,  drying  and  pyrolysis,  thus  preventing  the  firefront  from  being  moved  further  on. 

3.  A  burning  area  is  isolated  from  air  oxigen  by  a  cloud  composed  of  the  products  of 
explosion  and  the  dispersed  mixture;  this  factor  and  the  precipitated  components  of  he  fire¬ 
extinguishing  mixture  impede  air  entering  the  hot  spot,  thus,  preventing  holdover  fire. 

It  was  been  experimentally  established  that  the  consumption  of  fire- extinguishing 
mixture  in  case  of  continuous  fire  suppression  is  120-150  gr/sq.m  of  area,  which  is  almost  100 
times  less  than  the  required  water  consumption.  It  allows  one  helicopter  of  the  loading  capacity  - 
5000  kg  to  suppress  a  fire  within  a  strip  of  20  m  wide  and  1500-1885  m  long  (area  :  30000- 
37000  sq.m). 

The  trustworthiness  of  the  above  data  has  been  proved  by  the  model  tests  in  the  testing 
area  when  a  forest  fire  has  been  simulated  on  small  artificially  created  forest  sites  (with  recording 
of  temperatures  in  control  points).  The  results  were  then  confirmed  by  full-scale  experiments 
during  test  fires  when  the  fire  suppressing  complex  was  used  as  a  stationary  unit. 

The  proposed  method  may  be  modified  so  that  it  can  be  used  for  protecting  warehouses, 
storage  facilities  for  fuels  and  oils  or  highly  inflammable  materials.  In  such  cases  fire  suppressing 


complexes  are  installed  on  the  territory  of  a  warehouse  in  the  probable  points  of  inflammation. 
The  necessary  networks  should  be  arranged  in  advance  and  fire  suppressing  complexes  are  put 
into  operation  at  the  points  of  flash  fire.  The  system  if  necessary  may  be  equipped  with  automatic 
controls  which  will  switch  on  the  fire  suppressing  complex  at  given  ambient  conditions. 

The  developed  method,  equipment  and  fire-extinguishing  mixture  are  not  considered  as 
alternatives  to  those  currently  in  use,  but  widen  the  variety  of  such  methods  and  equipment.  They 
are  to  be  used  in  combination  with  other  methods,  devices  and  mixtures  that  will  make  the  forest 
fire  control  more  efficient. 
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PcdjcpaT 

B  Hacxoamee  BpeMx  UHHHMam  cobmcctho  c  PKK  «3Heprna»,  IJCKE,  HBIO 
HM.JIaBOHKHHa,  HKH  PAH  Beaex  ncc/ieflOBaHna  no  bo3M05Khoct»m  co3aaHHa 
aBTOMaTHMCCKoro  KA  MHorouejieBoro  Ha3HaneHHa,  o6cJiy>KHBaeMoro  b  KoeMoce  bo 
BpeMH  nepnozinnecKi-ix  cxbixoBox  c  MexcaynapoflHoM  xocMHHecxon  examined  -  npoeKT 
«MAKOC»  -  «Mnoropa30Baa  ABXOMaxHnecxaa  KocMHHecxaa  Op6HxanbHaa 
CncTeMa))1.  ripn  noMomH  AKA  «MAKOC»  (Macca  AKA  -  7200  Kr,  Macca  noJie3Hon 
Harpy3KH  -  ot  750  Kr  no  2000  Kr)  npeanojiaraexca  npoBO^HTB  raOxHe 
Hccjie/ioBaTejibCKHe  nporpaMMbi  b  HHTepecax  mhoxhx  flncunnJiHH  kocmhhcckhx 
HCCJienOBaHHH.  B  CBa3H  C  HHTeHCHBHblMH  p33pa6oTKaMH  M3JIBIX  KA  (MKA) 
paaiiHanoro  neneBoro  naananenna  b  paMKax  npoexxa  «MAKOC»  paccMaxpHBaexca 
b o 3M o >k h o cxb  Hcnonb30BaHna  cpo  h  Kaic  Me>Kop6HHajibHoro  Gyxcnpa  ana  MKA,  hxo 
.zjojdkho  o6jieriinxb  bubo#,  MKA  Ha  paOonne  op6nxbi.  noxa3aHO,  hxo  b  axoM 
HanpaBJieHHH  bo3mox<ho:  Bo-nepBtix,  peanH30Baxb  HOByio  nponeaypy  opraHH3anHH 
mhcchh  MKA  (nonyxHaa  aocxaBxa  MKA  na  MKC  xpaHcnopTHtiMH  xopaoJiaMH, 
HiixerpauHH  jih6o  HHbie  onepauyiH  c  MKA  na  6opxy  MKC,  o6ecneneHHe  BbiBoaa  MKA 
Ha  3aflaHHyio  op6nxy  npn  iiomoihh  AKA  «MAKOC»),  hxo  cnocoSno  cymecTBeHHO 
pa3BHXb  nporpaMMy  MKC;  BO-Bxopbix,  oSecnenuxb  onpenejieHHbie  npeHMymecxBa  b 
npoBeaeHHH  nporpaMM  c  MKA  3a  cnex  xax  B03MO>KHOCxeH  skohomhh  xoruiHBa,  xax  h 
B03M05KH0CXCH  npoBe/ieHHa  onepauHH  c  MKA  -  Ha  Sopxy  MKC  h  b  ee  oxpecxHocxax 
(HanpuMep,  flonojiHHxejibHwe  xajwOpoBxa,  xecxw  h  xoMy  noaoOHoe). 

riocTanoBKa  3anaHH 

3anana  KOMiuiexcnpoBaHHa  B03MO>KHocxeH  nunornpyeMOH  h  aBTOMaxHHecxoH 
nporpaMM  KOCMHHecKnx  nccne/;oBanHH  aBJiaerca  axxyaJibHon  BBHay  HeoSxoflHMOCTH 
BceMepnoro  riOBbimeHHa  aclxjjexxHBHOCTH  kocmhhcckhx  nccaenoBaHnn  npn  skohomhh 
pacnonaraeMbix  pecypcoB  h  (JmHaHCOBbix  cpeacTB. 

BBnny  3io ro  neo6xonnMO  Hcnoab30Baxb  xax  MOflyjm  MKC,  xax  h  CBoSoano- 
jiexamne  cpeacxBa,  Bxonamne  b  HH(l)pacxpyKxypy  MKC  -  b  xom  HHCJie:  Maabie  AKA, 
ynpaBnaeMbie  xax  c  3eMJiH,  xax  h  -bo3mo>kho-  co  cxanunn. 

Hcnoab30BaHne  CBoOoaHO-Jiexamnx  MoayneH  Maccon  HecxojibXHX  xohh 
(xoHnennna  npoexxa  «MAKOC»‘)  ri03B0Jiaex  npnaaxb  aonojiHHxejibHyio  raQxocxb 
nporpaMMe  neneBoro  Hcnojib30Banna  MKC,  xax  xax  MO>xex  3HaHnxeabHO  noBbicHXb 
3(}xJ)exxMBHOCXb  npoBeaenHX  axcnepHMeHXOB  b  o6aacxn  HCCJieflOBaHHft 
rpaBHxanHOHno  oGycjioBjienubrx  aBJieHHH  b  MaxepnaaoBeneHHH,  4>H3Hxe  >kh,hkocxh  h 


B.JTyxbameHxo 


SHOTexHOJiorHH,  b  oGjiacTH  reo([)H3HHecKHX  h  OTflenbHbix  HanpaBJieHHH 
aCTp O  (})  H  3  H  HGC  X  H  X  HCCJie^OBaHHH  Ha  6opTy  aBTOMaTHHeCKHX  KA,  nOCKOJIbKy  B  3T0M 
cjiynae  peamByeTca  .znrHTejibHaa  -  He  MeHee  3  JieT  -  nporpaMMa  axcnepHMeHTOB  c 
MHoroKpaTHoft  HHKjiHHHOCTBio,  npn  3tom  MaKCHMajibHO  Hcnojib3yiOTca  Kax  pecypcbi 
caMoro  AKA,  Tax  h  3KcnepnMeHTaiibHoro  o6opy/toBaHHa,  He  TpeSyerca 
MHoroKpaTHbix  3anyci<OB  paxeT-HOCHTejieH,  ctohmoctb  KOTopbix  oneHb  SucTpo  pacreT. 
3Ta  nporpaMMa  Aojoicua  SbiTb  cxoop/iHHKpoBaHa  c  nporpaMMon  neaeBoro 
Hcnoab30BaHHa  MKC,  a  cxannKa  b  npoqecce  pa3BHTHa  nporpaMMbi  MO>xeT 
npeBpaTHTbca  b  nyHxx  o6cjiy>xH Banna,  oSecneneHna  h  nepeocHacTKH  aBTOMaxHHecxoH 
JiaSopaTopHH  na  6oprry  AKA  npe^aaraeMoro  xnacca,  a  Taxxce  b  Jia6opaxopHK> 
nepBHHHoro  anatn-Ba  nojiyneinibix  pe3ynbxaxoB,  Mecxo  no^roxoBKH  hx  k 
B03BpameHHio  na  3eMJiio  b  cnycxaeMbix  xancynax  xwna  "Pa/tyra",  3  CnycxaeMbix 
Annapaxax  (CA)  xpancnopxnbix  xopaSacn  «Coh33-TM»  hjth  ace  Ha  6opxy 
Op6Hxajibnoro  Kopa6;ia  "Space  Shuttle". 

B  nacxH  npHMeneHHa  MKA  noApa3yMeBaexca  BXjnoneHHe  b  nporpaMMy  pa6ox 
na  cxannHH:  onepaunfi  no  ziocTaBxe  MKA  jih6o  hx  ochobhwx  ajieMeHXOB  Ha  6opx 
cxaHHHH,  nocjie^yiomaa  nnxerpauHa  MKA,  oncpauHH  no  Bbme^eHHio  MKA  Ha 
paSonyio  opSwxy,  bo3mo>khoc  ynpaBjienne  mxaxHbiM  (J)yHi<nnoHHpoBaHHeM  MKA  c 
6opxa  MKC,  onepanm-i  no  B03Mo>KH0My  B03Bpaxy  MKA  Ha  MKC  c  itejtbto  noBxopHoro 
Hcnojtb30BaHHa.  /Jan  woe  ripeflnoacenne  pa3BHBaex  noztxozt,  Koxopbift  6biJi  anpo6npoBaH 
npn  peaJiH3aann  poccHHCXo-repMancxoro  npoexxa  «HHcneKxop»2,  a  xaxxce 
pa3pa6axbmaexca  b  npoeicxe  «Cnnpanb»3.  HeaocxaxxoM  rionxo/ia  npoexxa  «Cnnparrb»  - 
Hcnojib30BaHna  jxn a  BBiBejtenna  MKA  na  pa6onyio  op6nxy  iiBuraxeaen  Majion  xarn  c 
3HanHxejibHbiM  pecypcoM  -  aBJiaerca  snaunxeabnoe  BpeMa  mn  BbiBeneima  MKA  na 
pa6oHyio  op6nxy,  a  b  npoeicxax  xnna  «HncneKxop»  paccMaxpHBaioxca  bo3mo>xhocth 
ripoBe^enna  Hccae/ioBaiiHH  b  Oanacanninx  oxpecxHocxax  MKC.  PacniHpHXb 
bo3mo>khocxm  Hcnojib30BaHHa  MKC  xax  6a3bi  ,qaa  MKA  pa3JiHHHoro  Ha3HaneHHa 
B03M03CH0  npn  noMoutH  Hcnoab30B3HHa  Me>xop6nxajibHoro  6yxcnpa,  b  xanecTBe 
xoxoporo  npe/yiaraexca  paccMoxpexb  Bapnanx  AKA  «MAKOC». 

Bcae^cxBHe  axoro  n peacxa.Bjiaexca  HeoSxoanMbiM  oneHnxb  B03M03KH0CTH 
HCnonb30BanHa  AKA  «MAKOC»  aaa  BbiBeaeHHa  MKA  Ha  pa6oHne  opSHTbi. 

Oncmca  B03MO/Kiioc  i  cH  AKA  «MAKOC»  Kax  Me?Kon6irTajibHoro  6vKcnna 

KoiICTpyKTHBIIbie  B03M05KH0CTH 

Ilpoexx  AKA  «MAKOC-T»  pa3pa6axbraaexca  b  xom  HHCJie  Ha  ocHOBe 
Hcnoab30Bairaa  3a.ne.na  MHO  HM.JIaBonxHHa  no  npoexxaM  HccjieflOBaHHa  Mapca 
(npoexxbi  «Oo6oc»  h  «Mapc-96»).  B  paMicax  3xhx  npoexxoB  6bum  npoBeaeHbi 
pa3pa6oxxH  bo3mo>xhocxch  xoMnonoBxn  aecauxupyeMbix  na  <t>o6oc  h  Mapc  cpe/tcTB 
(i3oaro>XHBymeH  Abxohomhoh  Cxhuumh  h  30Haa  rTPOn  b  npoexxe  «Oo6oc»;  Maabix 
cxaHLtHH  h  nenexpaxopoB  b  npoexxe  «Mapc-96»)  Ha  npn6opHO-arperaxnoM  oxcexe  KA 
h  Ha  Abxohomhoh  jjBHraxeiibHOH  YcxaHOBxe.  3th  pa3pa6oTxn  npeaaaraeica 
Hcnonb30BaTb  h  b  npoexTe  «MAKOC»,  npeaycMOTpeB  B03MO>xHOCTb  ycxaHOBKH 
yHHBepcajibiioH  paMbi  na  iipnGopno-arperaxHOM  OTcexe,  Ha  xoTopon  -Hapaay  c 
ycTponcTBaMH  H  cHcxeMaMH,  oGecneHHBaioutHMH  cTMKOBxy  AKA  «MAKOC»  h  MKC- 
npeaaaraeTca  nonepeMeHHo  ycxanaBjiHBaxb:  repMeTHHHbm  OTcex  nojie3HOH  Harpy3KH 


B.Jlyxbauteuxo 


(na  ocuoBe  0111 1 ITK  «nporpecc-M»  -  CMOxpuxe  pHC.l),  xpynHoraGapnxHbie  npnGopbi 
h  HHCTpyMenibi  (TenecKonw  paxnnHHbix  cnexxpanbiibix  ^Hana30HOB  h  TOMy 
noaoGHoe),  wajiue  KA,  npeanaraeMbie  k  BbiBoay  na  paGonyio  opGnxy  npn  rioMoma 
AKA  «MAKOC». 

J\m  peajiH3auHH  mhcchh  AKA  «MAKOC»  KaK  MevKopGnxanbHoro  Gyxcnpa 
aonaaibi  Taioice  SbiTb  pemeHbi  Bonpocbi,  cBnaamibie  c  oGecnenenneM  ao3anpaBxn  ero 
aBnraxenbHon  ycxanoBKH  b  ycnoBnax  xocMHnecxoro  nonexa  c  GopTa  MKC. 

Tax>xe  aonnata  Gbitb  npopaGoTana  B03Mo>KiiocTb  aononHiixeabHon  ctbikobkh 
pa3roHHoro  Gnoxa  «Operax»  h  (liyuxunounpoBaHHa  noaoGnoro  aByxcxyneimaxoro 
BapaaHTa  AKA  «MAKOC»-  GyxcHpa  (aopaGoxxn  CY/],,  xoncxpyxxHBiio- 
xoMnoiioBOMHbie  H3MeneiiHa  h  x.a.). 

BaJiJiiiCTiiuecKHH  amuim  boxmO/Khoctch  AKA  «MAKOC»  no  BbiBcaeiniio 

MKA 


OuenHM  ;iocxH>KHMbie  napaMexpbi  opGnx  MKA,  i\m  BbiBeaeHHa  Ha  xoxopbie 
bo3mox<ho  Hcnojib30Baxb  AKA  xnna  «MAKOC»  (noxa  ocxaBHM  b  cxopone  Bonpoc  06 
Hcnoab30BaHHH  coGcxBeriHOH  aBnraxenbHOH  ycxaHOBKH  MKA  ,hjih  aoBbiBeaeHHH  Ha 
paGonyio  opGHxy).  OrpaimneHiieM  b  sxom  cnynae  aBnaexca  xo  oGcxoaxenbcxBO,  hxo 
(j)opMHpyeMaa  AKA  «MAKOC»  opGHxa  aonnaia  oGecnennBaxb  B03MO>xHocxb  ero 
B03BpauieHH«  na  MOHxaavHyfo  opGnxy  cxaHHHH  ana  cxhkobxh  c  Hen  h  nocneayiomero 
o6cay>XHBaHHM.  OcoGeiuiocxbto  npoaeaypbi  B03BpameHHa  AKA  «MAKOC»  Ha 
MOHxaacHyio  opGwxy  aBnaexca  HeoGxoaHMoexb  ynexa  B3aHMHoro  pacnono>i<eHna 
nnocxocxeft  paGonen  h  MOHxancHon  opGnx  b  npocxpaHCXBe  (H3-3a  pa3JiHMHbix 
npeaeccHH)  na  momchx  cxapxa.  B  onxHMajibHOM  Bapnanxe  aneprexHHecxne  3axpaxw, 
cB«3aHHbie  c  B03Bpaui,eHHeM  AKA  «MAKOC»  Ha  Monxanoiyio  opGnxy,  He  aonncHbi 
npeBoexoanxb  BiieprexHxecxHX  3axpax  no  (J)opMHpoBaHHio  paGonen  opGHXbi. 

nPH  BbtGope  napaMexpoB  opGnx  neoGxoaHMO  ynHXbmaxb  xpeGoBaHna, 
oripeflenaeMbie  na3HaMeiiHeM  MKA,  coBepmaiomHX  MoxopGHxanbHbin  nepexoa.  Tax 
xax  3aaaHii,  pemaeMbie  GyxcupyeMbiMH  MKA,  Moryx  6bixb  aocxaxoHno  MHoroo6pa3Hbi, 
HH>xe  npoBoanxca  anan ixs  h  npeacraBnenbi  3aBHCHM0cxn,  no3BonaioniHe  BbiGnpaxb 
napaMexpbi  op6nx  ana  cnynaeB  peuienna  oxaenbHbix  xnnoBbix  3anan. 

Ha  phc.2  npeacxaBJiena  3aBHCHM0CXb  aHeprexnnecxHX  3axpax  AKA  «MAKOC» 
-  Gyxcnpa,  xoxopbiii  cxapxyex  c  Mouxanmon  op6nxbi  MKC  an  a  (JjopMupoBaHna 
xpyroBbix  n  3nnnnxnLiecxnx  opGnx  c  HaxnoHeHHeM  i=5 1 ,6°.  llpn  pacnexe 
3aBHcnMocxen  paccMaxpHBanacb  aByxnMnynbCHaa  cxeMa  (|>opMHpoBaHHa  paGonnx 
op6nx.  IlepBbiM  HMriynbcoM  ocymecxBnaexca  nepeBoa  AKA  «MAKOC»-Gyxcnpa  c 
onopHon  opGnxbi  c  HKp-400  xm  h  i=51,6°  na  snnnnxnHecxyio  opGnxy  nepexoaa.  B 
anoree  nepexoanon  opGnxbi  coo6maexca  aononunxenbubin  HMnynbc,  aoboa«ihhh 
anoreimyio  cxopocxb  ao  mccxhoh  xpyroBon  nnn  oGecnennBaiomHn  yBeanneHne 
Bbicoxbi  nepnrea. 
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Phc.  1.  IIpexinojiaraeMLiH  o6jihk  aBTOMatHMecKoro  o6cjiy>KHBaeMoro  KA  «MAKOC-T» 
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Pmc.  2. 


H,  KM 

100000 


OHepreTMMecKne  3aTpatbi  (xapaKTepMCTVwecKoii  cKopocrvi)  AKA  ajto  cjxipMMpoBaHBfl 
paOoMux  op6m  (I  =  51 ,6  rpafl,  nepureii  3rninrnvmecKwx  op6m  -  500  km). 


3anac  xapaicrepncruHecKOM  CKopocra  nojinocrbio  3anpaBjieHHOH  ABHraxenbHOH 
ycTaHOBKH  AKA  «MAKOC»  (xoxopyio  npeanojiaraercji  co3AaBaxb  na  6a3e  3a^eJia  no 
pa3roHiiOMy  SaoKy  «OPEFAT»)  cocxaBJinex  ~  1 700  M/ceK.  ripn  noACoeAHHeHHn  k  AKA 
«MAKOC»  eme  oahoh  anaaornnHon  aBXOHOMHOH  ABHraxeAbHOH  ycxanoBKn  (Ajjy) 
3anac  xapaKxepncxnnecKOH  CKopocxn  yBennanxca  ao  ~2630  M/ceK.  rioHHXHo,  hxo 
nponeaypy  noAcoeAHneimfl  AononHHxeJibHon  ABHraxeJibHon  ycxanoBKH  npnflexcM 
npoH3BOAHXb  na  MKC  c  nocae/iyiornen  3anpaBKon  AByxcxyneHHaxoro  BapnaHxa  AKA 
«MAKOC»-6yi<cHpa. 

H3  rpac|)Hica  pnc.,2  cjienyex,  hxo  AKA  «MAKOC»  -  6yKcnp  o6jia«aex 

CJieayroiUHMH  B03M05KH0CX5IMH : 

•  b  inxaxHon  KOH(l>HrypanHH  (c  oahoh  ARY)  -  bbiboa  Ha  KpyroBbie  opSnxbi  c  i=5 1,6°  h 
BbicoxaMH  ao  -2000  icm,  a  xaoce  bmboa  Ha  ajuranxnHecKHe  opSnxbi  c  i=51,6°  , 
nepnreeM  500  km  h  anoreeM  ao  4000  km; 

•  b  KOHctwrypauHH  c  ab>'M«  AJ\Y  -  bliboa  Ha  KpyroBbie  op6nxbi  c  i=51,6°  h  BbicoxaMH 
AO  -4000  km,  a  xaioxe  bbiboa  na  ajiAHnxHHecKne  op6HXbi  c  i=51,6° ,  nepnreeM  500 
km  h  anoreeM  ao  10000  km. 

npoana;iH3HpyeM  xaioxe  bobmoxchocxh  yBejiHHCHHH  HaicjiOHeHHu  aocx  n  >k  mm  on 
op6nxbi  npn  Me>Kop6nxa/ibiioM  MaHeBpnpoBaHnn  AKA  «MAKOC»-6yKCnpa. 

3aBHCHM0cxb  aneprexHnecKHx  3axpax  (npnpameHHx  xapaKxepHcxnHecKOH 
CKopocxn  AV)  npn  (jiopMHpoBariHH  KpyroBbix  paOoHHX  op6nx  pa3JiHHHoro  HaKJiOHeHHH 
npeACTaBJiena  Ha  pnc.3.  Flpn  (JiopMHpoBaHHH  xaxnx  op6nx  paccMaxpnBajiacb 
xpexHMnyribcnaH  cxeMa  op6nxajibHoro  MaHeBpnpoBaHHH.  ripn  axoM  noBopox  BeKxopa 
CKopocxn  h,  cooxBexcxBenno,  iijiockocxh  opSnxbi  AKA  «MAKOC»-6yKcnpa  AOJimen 
ocyuiecxBjnixbca  iiMriyiiBcoM,  cooSuiaeMMM  eMy  b  anoree  nepexoAHon  ajuinmuHecKOH 
opOnxbi. 
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Pmc.  3.  3aBMCMM0CTb  3aTpaT  xapaKTepucTvmecKOM  cKopocni  AKA  ot  napaMeTpoB  c^opMwpyewibix 

KpyroBbix  pa6oMMx  op6m. 


J\sih  6ojibmHx  yrjiOB  noBopoTa  iuiockocth  opSHTti  AKA  «MAKOC»-6yKCHpa 
paccMaTpHBajiacb  cxeMa  nepexo/ta  aepea  6ecKoneTmocTb.  B  sxom  cjiynae  AKA  c 
noMombio  SopxoBoro  ziBHraxena  nepeBoanxca  c  onopnoft  xpyroBOH  opSHXbi  Ha  onero 
CHjibiio  Bbixanyxyio  ajurunxHMecKyio  op6nxy.  Cxopocxb  ero  b  anoree  xaxoft  op6HXH 
HeBejiHKa,  h  pasBopox  sexxopa  cxopocxH  noxpe6yex  He3HaHHxejiBHbix  sneprexHHecxHX 
3axpax.  riepexo/i  Liepe3  «6ecKOHeiniocxb»  MO>xex  oi<a3axbca  npaxxHHecxH  BbirozuibiM, 
eCBH  peMb  H/ieX  He  XOJibKO  06  H3MeHeiIHH  HaXJIOHeHHA  OpSHXBI,  HO  H  OflHOBpeMeHHO  o 
ee  noirbeMe.  B  cxiyaae  Maxibix  ymoB  noBopoxa  h  HeBbicoKHX  op6Hx  Hex  cMbicjia 
nepexo/tHXb  nepe3  «6eci<OHetinocxb».  Kax  caeayex  H3  pnc.3,  bo3mo>khocxb  yBenHHeHHS 
HaKJioneHHH  paGoxeK  op6im>i  AKA  «MAKOC»-6yKcnpa  c  ynexoM  HeoSxo/mMoexH  ero 
o6paxHoro  BosBpameiiMfl  orpaHiinena  H3-3a  3iiaimrejibHbix  aHeprexHHecxHX  3axpax. 
Tax,  b  mxaxHOH  xoHtfnirypauKH  AKA  «MAKOC»  -  Syxcnp  MO>xex  bbihxh  Ha  xpyroByio 
op6nxy  blicoxoh  ~400  xm  h  HaxjTOHCHneM  ~58°;  a  b  xoHtjjHrypauHH  c  riByMa  A/TV  -  Ha 
xpyroByio  op6nxy  bmcoxoh  ~400  xm  h  HaxjioneHHeM  ~62°.  Bh^ho,  hxo  .zyifl  H3MeHeiiHA 
HaxjioneHHA  opGirru  HaaiianenHA  ny>xHbi  Hcxaxb  nonojiHHxejiLHbie  ajibxepHaxHBbi. 

Bo3Mo>xnocxb  oSpaxHoro  B03BpameHHA  AKA  «MAKOC»  -  Gyxcnpa  c  op6htbi 
Ha3HaiieHHA  na  MOirra>xnyio,  noMHMo  jto no jih hxcji f>  h  bix  aueprexuHecxHx  3axpax, 
cBA33Ha  c  Heo6xoxiHMOcxbio  BfeiSopa  MOMeHTa  cxapxa  c  opSnxbi  Ha3iiaHeHHa, 
MHHHMH3Hpyiomero  3neprexnqecxHe  3axpaxbi.  B  o  tixh  m  ajibiioM  cjiynae 
sneprexHHecxHe  3axparbi  npn  B03BpameHHH  AKA  «MAKOC»-6yxcHpa  Ha  MOHTaacHyio 
op6wxy  MKC  Moryx  6bixb  paBHbi  3axpaxaM  xapaxxepHcxHHecxori  cxopocTH, 
npoH3Be,xem[biM  npn  <]>o pw h po BaiiH h  neoSxoaHMOH  opSuxbi. 

Bbi6op  onxHMajfbHoro  MOMeuxa  cxapxa  AKA  «MAKOC»-6yxcHpa  /uim 
B03BpameHHH  c  paSoMew  opQnxbi  Ha  Mouxaxaiyio  perjiaMeuxHpyexca  (|)axxopOM 
pa3JiHHHOH  npeneccHH  opOnx,  oxjmHaiomuxcH  cbohmh  napaMexpaMH.  Cxopocxb 
npepeccHH  nnocxocxH  op6nxi>i  Ha3HaiieHHA  AKA  «MAKOC»-6yxcHpa  h  iuiockocxh 
MOHxa>KHOH  op6nxbi  MKC  onpejxeaaexcH  cxopocxbio  coBMemennH  y3jia  opSnxbi, 
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noJiOKenne  Koroporo  xapaKTepH3yexc>i  H3MeHaiomHMCfl  bo  BpeMeHH  yrjiOM  aoJiroxti 
BocxoziHinero  yaj'ia  op6nTbi.  Ha  pnc.4  npe^cTaBJieHa  3aBHCHM0CTB  BpeMeHH 
coBMemeHHa  iuiocKocrefi  opSnTBi  Ha3HaiieHHH  AKA  «MAKOC»-6yKCHpa  h 
MOHTa>KHOH  OpGuTbl  MKC  OT  BbICOTbl  OpSliTbl  Ha3HalieHHH.  PaCCMaTpHBaeTCH  BBICOTa 
KpyroBOH  opSuTbi  jih6o  Bbicoxa  anouciiTpa  ajuiHimiHecKOH  op6irrbi,  rae  HaKjioHeHHe 
opSiiTbi  Ha3HaiieriHH  h  MOHxa>icHOH  opGurai  MKC  paBHBi  -  51,6°.  H3  npcacTaBJicinibix 
Ha  3T0M  pHCyilKe  3aBHCHMOCTeH  BHflHO,  HTO  HeM  BBIUie  BBICOTa  OpSHTbl,  TeM  MeHBHie 
nepHoa  BpeMeiiH  ao  coBMemeinw  njiocKocTeH  op6HT  (y3JiOB  op6ht).  /(ah  op6HT 
Ha3HaiieiiHH  c  bbicotoh,  He3HaiinxejiBHO  OTJiH'iafonieHCH  ot  MOinaiiaioH  opSnTbi  MKC, 
3to  BpeMa  Moxcex  OKaaaxhCJi  nenpHeMJieMO  SoAbiHHM  (700  h  Ooaee  cyTOK)  c  tohkh 
3peiiH«  rutaiiiipoBaiinM  npouecca  BbmeaeHHM  MKA.  B  stom  caynae  npH 
Heo6xo^HMOCTH  onepaTHBUoro  B03BpaiHeHHH  AKA  «MAKOC»-6yKCHpa  Ha 
Morixa>KHyio  opfirrry  MKC  bo3mo>kho  (liopMupoBamie  npoMe>KyTOHH&ix  opGHT  c 
napaMexpaMH,  oSecrieMHBaioiHHMK  nocTomiHoe  coBnaaenne  y3JioB  op6HT,  to  ecTb 
paBencxBO  CKopocxeH  npepeccHH,  a  c  sthx  opOnx  MKA  aojdkhbi  oyayT 
MaiieBpHpoBaTb  npw  noMomu  cooctbchhoh  aBHraxeabHOH  ycTaHOBKH. 

Ha  piic. 5  npe/tCTaBiiena  3aBHCHMOCTb  nepnoaa  coraacoBaHHH  y3ii0B 
MOHTaxcuoH  opSuxbi  h  op6nT  naanaHeHHfl  AKA  «MAKOC»  -  OyKcupa  b  3aBHCHMOCTH 

OT  BbICOTbl  H  IiaKJiOHeiIH5I  opOHTBI  Ha3HaaeHH5I.  BhJIHO,  HTO  /lOCTH/KHMbie  OpSHTBI 
Ha3HaiieiiHH  conpHHceHBi  c  HeoGxoaHMOCTbio  aAHTeabHoro  OH<HaaHHH  corjiacoBaHHa 
y3JiOB.  3xo  xpeoycx  no  n o j i h  nxe a b n o ro  HCCAeaoBaHHH. 

Ts,  cyT 
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900  ; 


800 


100  1000  10000  100000 
Pac.  4.  3aBacMM0CTb  nepaoflOB  coBiwemeHaa  bocxoahlmmx  y3noB  op6MTHa3- 
HaMeHaa  AKA  "MAKOC"  -OyKcwpa  (i  =  51,6  rpaA)  n  MonrawHoa  op6aibi  MKC 
(H  =  400  km,  i  =  51,6  rpaA). 
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Pmc.  5.  flepnoflbi  coBMemehma  bocxoahlmmx  y3/iOB  op6mt  Ha3HaHeHMH  AKA  "MAKOC"  -  Syxcupa  c 
HaKJIOHeHMeiVI,  OT.ni/IHHblM  OT  HaKJIOHeHMn  Op6nTbl  CTBHMUM,  M  MOHTa>KHOCi  Op6MTbl  MKC. 


BhIBOAbl. 

AKA  «MAKOC»  b  npununne  Moacex  HcnoAb30Baxbca  b  KanecxBe 
Me>Kop6nrajibHoro  6yiccnpa  aak  BbiBeAenHA  pji^a  nepcneKXHBHbix  MKA  pa3JiHMnoro 
UCJiCBoro  Ha3naiieima,  a  HMemio: 

KA,  npefliiaanaHeHUbix  zyia  uccjieAOBaHHH  HOHoc^epbi  h  MarHHTOC(|)epbi  3eMJin 
-rana  nemcKwx  KA  «MAFHOH»4-  Ha  pa3JiHHHbix  HH3KO-  h  cpeAHeBbicoxHbix 
3JuiHnTHiLiecKHX  opGixrax  (c  anoreeM  ao  10000  km  h  c  h aKJioHeHHeM,  coBnazjaiomHM 
hjih  6jih3i<hm  c  naiaioHenneM  haockocxh  opGHXbi  MKC); 

KA,  npe,XHa3ira'ieinibix  /uia  myHeHHH  BepxneH  axMocc{)epbi  3eMJiH  (xnna 
npeAJiaraBUieroca  b  npoeKxe  TSS-22)  na  hh3khx  KpyroBbix  opGnxax  bbicoxoh  ox  200 
AO  400  km; 

SKcnepHMeuxajibHbix  KA  moGhjibhoh  cb»3h  (xnna  SAFIR-R22)  Ha  hh3khx 
opGwxax  BbicoTOH  ~600  km  h  naKaoHenneM  62°; 

KA  acrpoc])H3HMecKoro  na3naHCHH5i  (xnna  ASTRO-SPAS,  ho  MeHbmeH 
pa3MepnocxH)  iia  hh3khx  h  cpeAHeBbicoxHbix  opGnxax,  b  xom  HHCJie  -  Ha 
3JuiHnxHiiecKHx; 

KA  zuia  MOHuropwiira  Gjhbkhx  OKpecxiiocxeH  MKC  (BKJiioqaa  onpeAejieHHe 
xapaKxepHcxHK  oKpy>KaiomeH  cxaHqmo  kocmhhcckoh  nbuiw),  b  xom  hhcjic  - 
AHCxaHHHOHiioro  onpe/ieneHna  cocxoaima  BHetuHHX  noBepxHoexeH  MOAyJieH  MKC. 

B  AaJibiieHtrtCM  npeACxaBJiaexca  HeoGxoAHMbiM  rrpopaooxaxb  b  paMKax 
nporpaMMbi  poccHHCKoro  cerMeuxa  MKC  Bonpocbi  HcnoAb30BaHHH  AKA  xnna 
«MAKOC»  b  poiiH  Me>Kop6HxaJibHoro  GyKCHpa  AJia  MKA  pa3AHHHoro  uejieBoro 
Ha3HaneHHa. 

PaGora  Bejiacb  b  paMKax  TocyAapcxBeHHoro  KOHxpaKxa  851-4876/96  ox 
20.06. 1996r.  no  HHP  «riJ‘fACTHKA,-2000»  Me>i<Ay  PKA  h  LJHHHMam. 
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Abstract 


At  present  time  TSNIIMash  in  collaboration  with  RSC  «Energia»,  KB  Photon, 
Lavochkin  Association,  Space  Research  Institute  RAS  is  developing  project  of  an 
automatic  spacecraft  for  multi-purpose  use,  serviceable  in  space  at  periodic  docking 
with  the  International  Space  Station  (so-called  Project  «MAKOS»  -  Russian 
abbreviation  of  «Multi-  mission  Automatic  Space  Serviceable  System))1).  On  base  of 
«MAKOS»  spacecraft  (spacecraft  mass  -  7,200  kg,  payload  mass  -  from  750  kg  to  2,000 
kg)  it  is  suggested  to  carry  out  flexible  researches  in  many  space  sciences.  In  connection 
with  intensive  developments  of  small  spacecrafts  (SSC)  for  different  purposes,  in  frames 
of  the  «MAKOS)>  Project  it  has  been  considered  possibility  of  its  use  as  space  tug  for 
SSC,  that  can  make  easier  transfer  of  SSC  in  working  orbits.  It  is  revealed  that  in  this 
way  it  is  possible:  firstly,  to  implement  new  scenario  of  SSC  missions  (SSC  piggy-back 
delivery  to  the  ISS  by  ferries,  its  integration  or  other  operations  with  it  onboard  the  ISS, 
providing  of  the  SSC  injection  in  assigned  orbit  with  help  of  «MAKOS))  SC)  what  can 
significantly  develop  the  ISS  Program;  secondly,  to  ensure  certain  advantages  in 
operations  with  SSC  either  fuel  savings  or  additional  gauging  and  tests  (and  so  on) 
onboard  ISS  and  in  its  neighborhood. 

Setting  up  a  Problem 

Problem  of  coordination  in  manned  and  automatic  programs  of  space  researches  is 
actual  one  because  of  necessity  in  increasing  of  space  researches  effectiveness  at  saving 
of  available  resources  and  funds. 

Owing  to  this,  it  is  necessary  to  use  both  ISS  modules  and  free-flyers,  included  in  the 
ISS  infrastructure  (here  also  small  spacecrafts,  managed  from  Earth  and  if  necessary 
from  the  station). 

Use  of  free-flying  modules  with  mass  of  several  tons  (as  it  is  foreseen  in  the  «MAKOS» 
Project  concept )  allows  to  make  the  ISS  Utilization  Program  more  flexible,  seeing  that 
it  can  significantly  increase  effectiveness  of  experiments  carrying  out  in  space  material 
sciences,  fluid  physics,  in  Earth  sciences  and  in  several  disciplines  of  astrophysics.  It 
will  take  place  onboard  automatic  spacecrafts  with  long  lifetime  (not  less  that  3  years), 
research  program  will  have  many  cycles,  and  resources  of  SC  subsystems  and  its 
payloads  will  be  utilized  at  maximum  extent,  no  needs  in  repeated  launches  from  Earth 
(expenditures  for  them  are  sharply  growing).  This  program  should  be  coordinated  with 
the  ISS  Utilization  Program,  and  in  progress  of  this  Program  the  ISS  should  transform 
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into  station  for  servicing,  logistic  support  and  payloads  replacements  of  the  automatic 
laboratory  onboard  SC  of  such  type.  The  ISS  also  should  transform  into  laboratory  for 
preliminary  selections  of  obtained  results  and  their  preparing  to  delivery  on  Earth  by 
recovery  capsules  «RADUGA»,  «SOYUZ-TM»  ferries  recovery  vehicles,  and  onboard 

an  Orbiter  "Space  Shuttle". 

As  for  SSC  use,  it  is  suppose  to  include  in  ISS  operations  program:  operations  on  SSC 
(or  its  main  elements)  delivery  onboard  the  ISS,  SSC  subsequent  integration,  SSC 
injection  in  its  working  orbit,  possible  control  for  SSC  mission  from  the  ISS,  operations 
on  possible  return  of  SSC  to  the  ISS  for  the  SSC  future  re-use.  This  proposal  develops 
approach  of  missions  like  German-Russian  Project  «INSPECTOR»  ,  as  well  as  one  in 
the  Project  «SPIRAL»3,  which  is  under  development.  Disadvantages  of  these  projects: 
for  the  «SPIRAL»-  use  of  low-thrust  engines  with  significant  resource  for  a  SSC  in- 
orbit  injection,  which  needs  in  long  time;  for  «INSPECTOR»-like  projects  -  only  close 
neighborhood  of  the  ISS  will  be  investigated.  To  widen  possibilities  of  the  ISS  use  as 
base  for  SSC  with  different  tasks  is  possible  by  space  tug.  Let  consider  version  of  SC 

«MAKOS»  as  this  tug.  c 

Following  this  way,  it  seems  as  necessary  to  evaluate  possibilities  of  SC  «MARUb»  use 

for  SSC  injection  in  working  orbits. 

F, valuation  of  SC  "MAKOS"  as  a  Space  Tug 
Possibilities  of  Design  Modification 

SC  “MAKOS-T”  Project  is  developing  also  on  the  base  of  Lavochkin  Association 
technological  experience  in  projects  of  Mars  exploration  (“Fobos”  and  “Mars-96” 
Projects).  Design  developments  on  integration  of  jettisoned  vehicles  for  F°dos  and 
Mars  in-situ  studies  (Long-lived  Autonomous  Station  and  Probe  “PROP”  in  the  Fobos 
Project,  Small  Stations  and  Penetrators  in  the  “Mars-96”  Project)  and  Instruments- 
Engines  Compartment,  and  Autonomous  Propulsion  Unit  had  been  developed  in  frames 
of  Projects  “Fobos”  and  “Mars-96”.  These  developments  are  suggested  to  use  in  the 
Project  “MAKOS”,  proposing  installation  of  unified  adapter  on  the  Instruments-Engines 
Compartment.  On  the  Compartment  it  is  also  suggested  to  install  (together  with  units  for 
rendezvous  and  docking  SC  “MAKOS”  and  ISS)  in  turn:  pressurized  compartment  for 
payloads  (on  base  of  ferry  “Progress-M”  payloads  compartment  -  see  Fig.l),  large-sized 
scientific  instruments  (different  spectral  ranges  telescopes  and  so  on),  and  small 
spacecrafts,  which  could  be  placed  in  their  working  orbits  with  help  of  SC  “MAKOS  . 
To  implement  mission  of  SC  “MAKOS”  as  inter-orbital  tug  we  must  solved  problems 
concerning  re-fueling  of  its  propulsion  system  from  board  of  the  ISS  in  circumstances  of 

spaceflight. 

Also  we  will  work  out:  possibility  of  attachment  to  SC  “MAKOS  additional  booster 
“FREGAT”,  and  such  two-stages  version  of  SC  “MAKOS”-tug  operations  (including 
issues  on  movement  control  system  modification,  changes  in  design  etc.). 
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Fig.  1.  Possible  view  of  SC  «MAKOS-T». 
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Ballistic  Analysis  of  SC  “MAKOS”  Possibilities  on  SSC  in-orbit  Injection 

Let  evaluate  achievable  parameters  of  SSC  orbits,  injection  in  which  are  possible 
with  help  of  SC  "MAKOS"-type  (in  this  paper  we  don't  consider  issue  on  use  of  SSC 
propulsion  for  subsequent  additional  pulse  to  reach  assigned  orbit).  Limitation  in  this 
case  is  the  fact,  that  orbit  achieved  by  SC  "MAKOS"  must  provide  its  reliable  return  in 
the  Station  rendezvous  orbit  for  subsequent  docking  with  it  and  SC  "MAKOS" 
servicing.  Peculiarity  of  SC  "MAKOS"  return  in  ISS  rendezvous  orbit  is  necessity  to 
take  in  mind  mutual  spatial  position  of  working  orbit's  and  rendezvous  orbit's  planes  at 
initial  time  of  maneuver  (because  of  their  different  precessions).  In  optimal  case 
expenditures  of  energy,  connected  with  SC  "MAKOS"  return  in  the  ISS  rendezvous 
orbit,  must  not  exceed  expenditures  of  energy  on  working  orbit  transfer. 

Choosing  of  available  orbits  parameters,  it  is  necessary  to  account  requirements  from 
certain  SSC,  which  will  be  transferred  in  its  working  orbit  by  the  tug.  Because  tasks  of 
transferred  SSC  may  be  different,  below  we  analyze  ballistic  options  and  give  some 
relationships  in  form  of  graphs,  which  allow  us  to  select  orbit  parameters  for  special 
SSC  choices. 

Figure  2  depicts  dependence  between  energy  expenditures  of  SC  "MAKOS"-tug,  which 
would  fired  from  the  ISS  rendezvous  orbit  to  transfer  into  circular  and  elliptic  orbits 
with  inclination  of  i=51.6°.  At  calculating  these  dependencies  we  consider  two-pulse 
scheme  of  transfer  into  working  orbit.  By  the  first  pulse  SC  "MAKOS"-tug  can  be 
transferred  from  basic  orbit  with  altitude  Hcir=400  km  and  i=51.6°  into  elliptic  interim 
orbit.  In  apogee  of  the  orbit  SC  "MAKOS"-tug  can  be  additionally  pulsed,  that  increases 
its  apogee  velocity  up  to  local  circular  one  or  ensures  perigee  height  increment. 


dV,  km/s 


Fig.  2.  Expenditures  of  energy  (characteristic  velocity  -  dV)  for  SC  injected  in  orbits  with 
altitudes  H  (i  =  51.6  deg.,  elliptic  orbits  perigee  -  500  km). 


Characteristic  velocity  margin  for  fully  fueled  propulsion  unit  of  SC  "MAKOS"  (which 
is  suggested  to  develop  on  basis  of  the  booster  "FREGAT")  is  -1700  m/s.  Attaching  SC 
"MAKOS"  another  analogous  Autonomous  Propulsion  Unit  (APU),  margin  of 
characteristic  velocity  can  be  increased  up  to  -2630  m/s.  It  is  clear  that  operation  on 
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additional  propulsion  unit  attachment  would  be  carried  out  on  the  ISS  with  subsequent 
fueling  of  SC  "MAKOS"-tug  two-stage  version. 

Analysis  of  graph  on  fig.2  :reveals  that  SC  "MAKOS"-tug  has  following 
possibilities: 

•  in  basic  composition  (with  one  APU)  -  injection  in  circular  orbits  with  i=51.6°  and 
altitudes  up  to  -2000  km,  as  well  as  injection  in  elliptic  orbits  with  1=51.6°,  perigee 
500  km  and  apogee  up  to  4000  km; 

•  with  two  APU  -  injection  in  circular  orbits  with  i=51.6°  and  altitudes  up  to  -4000 
km,  as  well  as  injection  in  elliptic  orbits  with  1=51.6°,  perigee  500  km  and  apogee  up 
to  10000  km. 

Let  also  consider  possibilities  of  achievable  orbit  inclination  growing  at  inter¬ 
orbital  maneuver  of  the  SC  "MAKOS"-tug. 

Dependence  of  energetic  expenditures  (increment  of  characteristic  velocity  AV) 
at  injection  in  circular  working  orbits  with  different  inclination  is  depicted  in  Fig.3. 
Three-pulses  sequence  of  maneuvers  was  considered  for  injection  in  these  orbits. 
According  the  sequence,  turn  of  velocity  vector  and,  correspondingly,  plane  of  the  SC 
"MAKOS"-tug  shall  be  fulfilled  by  pulse  in  apogee  of  the  interim  elliptic  orbit. 


dV,  km/s 


Fig.  3.  SC  Characteristic  velocity  expenditures  via  parameters  of  circular  working  orbits. 


For  large  values  of  SC  "MAKOS"-tug  orbit  plane's  turn  angles  we've  considered 
version  of  transfer  through  infinity.  In  this  case  SC  "MAKOS"-tug  transfers  from  basic 
circular  orbit  into  high  eccentric  elliptic  orbit  with  help  of  main  propulsion  unit.  SC 
velocity  in  apogee  of  such  orbit  is  not  great,  and  turn  of  velocity  vector  needs  in  small 
expenditures  of  energy.  Pass  throughout  "infinity"  may  occur  more  profitable,  when  it  is 
necessary  both  to  change  of  orbit  inclination  and  to  increase  simultaneously  its  altitude. 
In  case  of  small  turns  and  low  orbits  it  is  not  any  sense  in  transfer  throughout  "infinity". 
As  follows  from  fig.3,  possibility  to  increase  inclination  of  SC  "MAKOS"  assigned 
orbit  (accounting  need  in  its  return)  is  limited  by  considerable  energy  expenditures.  So, 
for  SC  "MAKOS"-tug  basic  composition  it  can  achieve  circular  orbit  with  altitude  -400 
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km  and  inclination  ~58°;  and  for  two-APU  version  it  can  achieve  circular  orbit  with 
altitude  -400  km  and  inclination  -62°.  It  is  obvious  that  to  change  significantly  final 
orbit  inclination  needs  in  another  alternative. 

Possibility  of  SC  "MAKOS"-tug  return  from  assigned  orbit  into  the  ISS  rendezvous  is 
connected  (besides  additional  energy  expenditures)  with  time  selection  of  SC  start  from 
assigned  orbit,  what  can  make  minimal  energy  expenditures.  In  optimal  case  energy 
expenditures  for  SC  "MAKOS"-tug  return  into  the  ISS  rendezvous  orbit  may  be  equal  to 
reduction  of  characteristic  velocity  at  transfer  into  assigned  orbit. 

Selection  of  optimal  time  for  SC  start  to  return  from  assigned  orbit  into  the  ISS 
rendezvous  orbit  is  determined  by  fact  of  different  precessions  in  case  of  orbits  with  not- 
coincided  parameters.  Precession  rate  of  SC  «MAKOS»-tug  and  of  the  ISS  rendezvous 
orbit  is  determined  by  rate  of  orbits  nodes  shift  (these  nodes  position  is  defined  by  time- 
variable  angle  of  the  orbif  ascending  node  longitude).  In  fig.4  one  can  see  dependence 
between  time  for  coincidence  of  orbital  planes  (assigned  SC  «MAKOS»-tug  orbit  4-  ISS 
rendezvous  orbit)  and  assigned  orbit  height.  It  is  considered  height  of  circular  orbit  or 
apogee  height  of  elliptic  orbit,  where  inclinations  of  the  assigned  orbit  and  ISS 
rendezvous  orbit  are  equal  51.6°.  Analyzing  graph  on  fig.4,  one  can  conclude  that  at 
higher  heights  of  orbits  we  obtain  less  time  period  till  coincidence  of  orbits  planes 
(orbits  nodes).  For  orbits  with  heights  slightly  differed  from  height  of  the  ISS 
rendezvous  orbit  this  time  may  be  unacceptable  long  (700  and  more  days)  from  point  of 
view  to  plan  SSC  injection  scenario.  In  this  case,  if  necessity  of  the  SC  «MAKOS»-tug 
fast  return  in  the  ISS  rendezvous  orbit  exists,  it  is  possible  to  form  interim  orbits  with 
parameters,  which  provide  constant  coincidence  of  orbits  nodes  (equal  precession  rates). 
From  these  orbits  SSC  should  maneuver  with  help  of  own  propulsion  unit. 

Fig. 5  depicts  relation  between  time  period  of  orbital  nodes  (for  assigned  SC 
«MAKOS»-tug  orbit  and  ISS  rendezvous  orbit)  coincidence  and  assigned  orbit 
parameters  (height  and  inclination).  One  can  see  that  achievable  orbits  are  coupled  with 
necessity  to  wait  nodes  coincidence  during  long  time.  This  needs  in  additional  study. 

Conclusions 

SC  «MAKOS»  can  be  used  (in  principle)  as  space  tug  for  in-orbit  injection  SSC 
with  various  missions,  namely: 

small  spacecrafts  designated  for  Earth  ionosphere  and  magnitosphere 
investigations  -  like  Czech  SSC  MAGION4-  in  various  low  and  middle-height  elliptic 
orbits  with  inclinations  coincided  or  near  to  the  ISS  one; 

spacecrafts  designated  for  Earth  atmosphere  high  layers  -  like  spacecraft 
proposed  in  the  Project  TSS-22  -  in  low  circular  orbits  with  heights  from  200  km  to  400 
km; 

experimental/technological  spacecrafts  for  mobile  communication  -  like  SAFIR- 
R22-  in  low  orbits  with  height  -600  km  and  inclination  62°; 

spacecrafts  designated  for  astrophysical  studies  -  like  ASTRO-SPAS,  but  less 
sizes  and  mass  -  in  low  and  middle-height  orbits,  including  elliptic  ones; 

spacecrafts  designated  for  the  ISS  environment  monitoring  (including  tasks  to 
determine  characteristics  of  space  debris  and  dust  surrounded  the  station)  and  remote 
viewing  of  the  ISS  modules  external  surfaces  state. 
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Ts,  days 


-tug  assigned  orbit  (1=51.6  degr.)  and  ISS  rendezvous  orbit  (H  =  400  km, 


i  =  51 .6  degr.)  via  height  of  the  assigned  orbit. 
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Fig. 5.  Time  periods  between  coincidence  of  ascending  nodes  of  SC  "MAKOS"-tug  assigned 
orbit  (with  inclination  differed  from  one  of  ISS)  and  ISS  rendezvous  orbit  via  height  of  the  assigned 

orbit. 
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Developing  such  approach,  it  seems  as  expedient  to  carry  out  issues  of  SC 
«MAKOS»-type  use  as  space  tug  for  small  spacecrafts  with  different  missions  in  frames 
of  the  ISS  Russian  Segment  Utilization  Program. 

Works  on  issues  of  the  paper  are  conducting  in  frames  of  the  State  Contract 
#851-4876/96  of  06/20/1996  (Research  Work  «PLASTIKA-2000»)  between  Russian 
Space  Agency  and  TSNIIMash. 
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OObCKTOB,  B  TOM  HHCJie  KpynHOraSapHTHbIX  3JICMCHT0B 
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PaccMaTpHBaeTCH  pemcHHc  npoSjieMBi  TexHoreHHoro  3acopeiiMa  06- 
JiaCTH  OKOBOCTailHOHapHHX  Op6HT  (  OCO  )  KpynHOraOapHTHLIMH  SJICMeH- 
tbmh  "KocMH'iecKoro  Mycopa"  (  3KM  )  nyreM  hx  yBOflOB  Ha  op6htw  "  3axo- 
pOHeHHa"  C  nOMOHIBK)  CneyMajIbHblX  MeXCOpOHTajIBHbIX  OyKCHpOB  (  MajIBIX 
TpaHcnopTHbix  KA). 

OnpeflejieHbi  ocHOBHbie  neaeBbie  3aaaHH  pacHHCTKH  oOjiacra  OCO  ot 
3KM,  cocTaB  h  CTpyoypa  pannoHajibHoro  BapnaHTa  nocTpoeHHH  kocmh- 
neCKOH  CHCT6MBI  paCHHCTKH  Ha  OCHOBe  KOCMHH6CKOH  nJiaT(j}OpMbI-HOCHTe- 
JIH  (KIIH)  C  aBTOHOMHBIMH  OTflejHieMblMH  MOByJIBMH - SyKCHpaMH  (  AOMB). 

OneHeHbi  ocHOBHbie  TeximnecKMe  xapaicrepHCTHKH  opSHTajibHbix  kom- 
nneKcoB  (KITH  h  AOME)  chctcmbi. 


B  HacToniiiee  BpeMH  ocBoeHHe  KocMHnecKoro  npocTpaHCTBa,  b  tom 
HHCJie  06jiaCTH  OKOJIOCTailHOHapHMX  Op6HT  (OCO),  CT3JIO  OflHHM  H3  HeOTb- 
eMJieMbix  h  BaxcHbix  HanpaBjieHHH  jieaTejibHocTH  nenoBenecTBa  h  oxBaTMBa- 
eT  oSjiacTH  TejieBHfleHHH,  cbh3h,  HaBHrapnH,  naOjiioaeiiMB  3a  3eMJiefi,  Me- 
TeopojioraH  h  flp.  /JajibHeHinee  HHTeHCHBHoe  Hcnojib30BaHHe  cnyTHHKOB  Ha 
6jih3khx  k  rcocTaiiHOHapiioH  opOnre  (rCO)  Be^eT  k  pocTy  rnicjia  BbiBo^H- 
Mbix  b  oSjiacTb  OCO  KaK  aKTHBHbix  KA,  Tax  h  BbimefliiiHX  H3CTpoa  KA, 
BepxHHX  cTyneHeH  PH,  paxeTHbix  6jiokob  h  3jicmchtob  hx  KOHCTpyKijHH. 
3th  naccHBHbie  kocmkhcckmc  o6beKTM  o6pa3yiOT  pyranoraSapHTHbiH  (c  xa- 
paKTcpHbiM  paaMepoM  Oojiee  nojiyMeTpa)  TexHoreHHbiH  "KocMHHecKHH  My- 
cop"  (  KM  )  B  OKpeCTHOCTH  rCO,  KOTOpblH  KpOMe  03£aHHH  OnaCHOCTH 
CTOJiKHOBeHHH  c  aKTHBHbiM  KA  b  pajie  cjiynacB  MoxceT  HapymaTb  ycjioBHH 
B.JIH  HOpMajIbHOTO  (|)yHKHHOHHpOBaHHH  ycTaHOBJieHHOH  Ha  6opTy  fleHCTByiO- 
ih;hx  KA  paflHOjioKapHOHHOM  h  onTHKo-ojieKTpoHHOH  annapaTypbi. 

HapamHBaHHe  cymecTByiomero  yxce  3HciHHTejibHoro  ypoBHH  n3acopeH- 
hocth"  oOjiacTH  OCO  cTajio  npeoOpcTaTb  yrpoxcaioiiiHH  xapaicrep.  B  stoh 
CBH3H  pemeHHe  npoOjicMbi  ycTpaHeHMX  TexHoreHHoro  3acopeHHH  paccMaT- 
pHBaeMOH  oOjiacTH  HBJiaeTca  axTyajibHOH  aa^aneH.  CpejiH  bo3moxchhx  ee 
pemeHHH  Hapajiy  c  upeBeHTHBHbiMH  MepaMH  6opb6bi  c  3acopeHHeM  KM,  b 
T.H.  CBH3aHHbIMH  C  yBOJIOM  KA  K  KOHIiy  eTO  aKTHBHOTO  (JjyHKPHOHHpOBa- 
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him  Ha  op6my  "3axopoHeHH5i",  paccMaTpHBacTcn  HenocpencTBeHiian  pac- 
qncTKa  o6jiacTH  OCO  nyreM  yBOflOB  ajieMeHTOB  "  KocMHnecKoro  Mycopa 
(3KM)  c  noMoiHBio  cneniiajibiiLix  MejKopOHTajibHbix  6yKCHpoB. 

XapaKTep  bjihhhim  oSteKTOBOH  o6cTaHOBKH  no  3  KM  Ha  (JjyHKpHOHH- 
poBaHHe  aKTMBHBix  KA  onpeflejmeT  m  pa3Hbie  nejicBbic  3a#anM  pacnncTKH 
oSjiacTH  OCO  ot  3KM  MexcopOHTajibHHMH  SyKCHpaMH.  ripo6jicMa  pac- 
hmctkh  OCO  ot  "KocMiraecKoro  Mycopa"  MoxceT  6biTb  ycnoBHo  pa3^ejieHa 
Ha  3  BH^a  3a,ii;aH: 

3aflana  A.  PacnucTKa  o6jiacTH  OCO  ot  3KM  no  nonycTHMoro  cpiiKCH- 
poBaHHoro  ypoBHa  3acopeHHOCTH  (  okojio  400  3KM)  3a  3anaHHoe  BpeMH 
(Ts). 

3a^ana  B.  nozwepxcamie  3anaHHoro  ypoBmr  aacopeHHOcTH  obJiacra 
OCO  Ha  BpeMeHHOM  HHTepBajie  T3. 

3a«ana  B.  npenoTBpameHHe  KpH3HCHbix  CHTyaunn,  B03HHKaioiHMX 
okojio  aKTHBHbix  KA  H3-3a.  onacHbix  c6jihjkchhh  c  3KM. 

CoBOKynHocTb  Mexcop  6 HTajibH bix  OyKcnpoB,  Kaxcnbm  H3  KOTopbixnpen- 
cTaBJMeT  co6oh  KocMHnecKyio  njiaT^opMy-HocHTejib  (KI1H)  c  aBTOHOMHbi- 
MH  OTOejMeMblMH  MOAyJMMM-GyKCHpaMH  (AOMB),  npejICTaBJMIOHIMMH  co- 
6oh  no  cyra  Majibie  TpaHcnopTHbie  KA,  a  tqiqkc  KOMnjieKCOB  Ha3eMHbix 
cpencTB  ynpaBJieHna,  TpaHcnopTHbix  chctcm  BbiBeneHHH  KITH  Ha  opSnTbi  h 
bhchihhx  npHBJieKaeMbix  cpe^cTB  KOopjMiiaTHO-HH(i)opMan;HOHHO]’oJ6ecne- 
neHHH  o6pa3yiOT  KOCMiraccKyio  CHCTeMy  (KC),  npenHaaHaneHHyio  ffjin  pac- 
hhctkh  oOnacTH  OCO  ot  3KM.  ynpomcHHan  ^ynKUHOiiajibHan  cxeMa  KC 
npHBeneHa  Ha  pHc.l. 

Kaxcnan  KocMHnecKan  nnaT(|x>pMa-HocHTejib  BbraonHTca  b  3anaHHyio 
TonKy  "ctouhim"  Ha  TCO  (hjih  na  oKOJiocTanHOHapHyio  opOmy  "6a3HpoBa- 
hhh"),  H3  KOTopoil  HenocpencTBeHHo  HaHHHaeTcn  BbinojiHeHHe  pejieBbix  3a- 
«an.  lipn  3tom  KITH  moxcct  jih6o  oOecrienMBaTb  noc.iienoBaTejibHbiH  o6;ieT 
3a«aHHbix  3 KM  c  "npnnejibHbiM"  nycKOM  no  hhm  OopTOBbix  AOMB,  jih6o 
ocyniecTBjMTb  («3  ToneK  "ctohhhh")  riocjiepoBaTejibHbie  nycKH  HaxojMmnx- 
ch  Ha  ee  6opTy  AOMB  zpm  yBOjioB  hmh  "cbohx"  3KM.  Ha  6opTy  OTejibHOH 
KnH  MoxceT  HaxoflHTbCfl  jio  6-:- 10  AOMB. 

YTOBiieHMa  napaMeTpoB  ubidkchim  KITH  npoH3Bo;iHTC5i  c  noMouibK) 
KaK  6opTOBOH  aBTOHOMHOH  CHCTeMbI,  TaK  H  BHeiHHeH  npHBJieKaeMOM  HaBH- 
rapHOHHOH  CHCTeMbI  (HanpHMep,  rana  'TjioHacc"). 

IJejieyKaaaHHe  (HY)  turn  Kax^oro  AOMB  totobhtch  b  neirrpe  4)opMH- 
poBaHHH  KaTanora  oObcktobok  oScTaHOBKH  h  Bbwann  U,Y.  ITo  pemeHHio 
KOMaH^Horo  nyHKTa  ynpaBJieniM  (  KnY  )  oho  3a/iaeTca  Ha  KnH  nepe3 
cpe^cTBa  npneMa  h  nepenanH  HHcjiopMaiiHH  (cbh3H  h  peTpaHCJiamiM) .  B 
ueHTpe  (J)opMHpoBaHHH  KaTanora  ocymecTBJMeTCH  nocTOHHHoe  cjiexceHne  3a 
nejieBon  oScTaHOBKOH,  (|)opMHpyeMOH  no  JiaHHbiM  HaOjnoneHHH  3a  kocmh- 
neCKHMH  oSbCKTaMH  (KO)  C  HH^OpManMOHIIblX  CpenCTB  Ha3eMHOro  h  koc- 
MHHeCKOrO  6a3HpOBaHHH. 

nojieT  AOMB  k  3KM  nocjie  oTnejieHHH  ot  KnH  ocymecTBJMeTCJi  b 
bbtohomhom  pe>KHMe  no  3ajioxceHHOMy  nojieTHOMy  3ap;aHHio:  npH  nocraxte- 
HHH  HaJIbHOCTH  fleHCTBHH  SopTOBOM  HH(|)OpMaUHOHHOH  CHCTeMbI  (  BHC  ) 


B.Ky3bMHHOB  H  ZIP- 


AOMB  npOH3BOflHTCH  ee  BKJimeHHe,  iiohck  3KM  h  ero  3axBaT  “naccHB- 
Hofi  ”  onTHKo-sjieKTpoHHOH  annapaTypoH  BMC,  aajiee  ocymecTBjraeTCB 
c6jiH3ceime  c  3KM  c  ncnojiL30BaHHeM  Hii^opMapHH  ot  JioKapHOHHbix 
cpe^cTB  BHC,  MexaHH'iecKHH  3axsaT  3KM  ycTponcTBOM  3axBaia  AOMB  h 
ero  yBo,n  Ha  op6HTy  "3axopoHeHHH".  Ilocjie  npoBe^eHHH  Kaxgioro  3Tana  aK- 
HHH  yBon;a  AOMB  BbwaeT  cnmaji  o  BbinojiHeHHH  onepapHH  Ha  KriY. 


Phc.  1. 


KIIH  -  KOCMHHeCKHe  nJiaT(f)OpMbI-HOCHTejIH 
AOMB  -  aBTOHOMHBie  owjraeMbie  Mo^yjiH - 6y  KCHpbi 
3KM  -  ajicMeHTH  "KocMHMecKoro  Mycopa" 

CHO  -  cpe^CTBa  naBMraijHOHHoro  oGecneneHHa 
CHO  -  cpe^cTBa  HHcj)opMapHOHHoro  oSecneqeHHa 
CCP  -  enyTHHKH  CBH3H  H  peTpaHCJUHtHH 
CnnH  -  cpe^cTBa  npneMa  h  nepejiara  HH(J)opMaijHH 
Kny  -  KOMaHflHbiH  nyHKT  ynpaBJieHHB 
3J[<3>K  h  uy  -  pemp  cjDopMHpoBaHHa  KaTajiora  m  BLiflaiiH 
peneyica  3aHHH 

CB  -  cpe,o;cTBa  BbiBe^eHHH  KJIH  Ha  op6my. 


KIIH  nocjie  nycxa  cBoero  nocjie/iHero  AOMB  nepeBo^Tca  Ha  op6my 
"3axopOHeHHa". 

3anycKH  hobbix  KIIH  c  AOMB  Ha  paSonne  opGhtbi  ocyipecTBJiaiOTca 
cpe^cTBaMH  BHBe^eHHH  h  ruiaHHpyioTCB  Ha  KriY  b  cootbctctbiih  c  rpacjm- 
kom  npoBe^eHUB  pacqHCTKH  ot  3KM  oSjiacTH  OCO. 


B.Ky3bMHH0B  H  BP- 


Pe3yjibxaxbi  pacqexa  BapHanTOB  pemeHHB  3-x  bhaob  3a#aq  pacHHCxKH 
oGnacTH  OCO  ot  3KM  nosBOJiaiox  cnejiaxb  cjieayiomHc  ocHOBHbie  bhboah: 

1.  J\m  coBpeMeHHoro  ypoBHH  3acopeHHocTH  h  xtHHaMHKK  ee  H3MeHe- 
HHa  b  o6jiacTH  OCO  (Ha  Hanajio  1998  r.  HacnHXbiBaexca  okojio  500  Kpyn- 
Hora6apHTHbix  KO  -  sneMeHxoB  "KocMnnecKoro  Mycopa",  exerosHbift  npn- 
pocT  paBeH  He  MeHee  25  3KM)  pacnHcxita  sxoh  o6;iacxH  KI1,  a  hmchho 
pemeHHe  3axtan  A  h  B,  cxaHOBHXcn  aKxyajTbHon  yate  na  jjaHHOM  3xane 
BpeMeHH.  3xo  oGctobtcjilctbo  b  qacxHocxH  noxixBepxuiaexca  nojiyqeHHbiMH 
pe3yjibTaiaMH  peineHHH  3an,anH  A,  yxasbiBaiomHMH  Ha  HeoOxoflHMocxb 
oOecneneHMa  bbicokhx  TeMnoB  3anycKOB  KITH  ( iio  8  pa3  b  ro^y  )  b  xene- 
HHe  10  JieT,  HTO  HBJHieXCfl  yxe  KpHXHHHbIM  KaK  no  3KOHOMHqeCKHM,  TaK  H 
no  BpeMeHHbiM  (paicxopaM. 

2.  OneHKH,  nojiyneHHbie  nm  pa3JiHHHbix  BapnauxoB  TeMna  3acopeHH5i 
oOjiacTH  OCO  3 KM,  noicasMBaiox  Ha  BamiocTb  npeBCHTHBiibix  Mep  no 
CHHXCeHHIO  ypOBim  3aCOpeHHOCTH.  H  OflHOH  M3  T3KHX  Mep  MBJIMeTCM  yBejlH- 
neHHe  cpoxa  aKTHBHoro  cyiyecTBOBaHHM  KA  Ha  FCO  xio  10-:- 15  JieT. 

B  3tom  cjiynae  oOecnenHBaexcfl  cHMXceHHe  ckopocth  npnpocTa  3KM 
Bcpe^HeM  Ha  5  e«.  b  roxu  Torfla  noxpeOHbiH  cpe^HeroflOBOH  TeMn  sanycKOB 
KIIH  Ha  opOHTbi  Moxer  HaxoflHXbcn  Ha  ypoBHe  3-:-4  exu 

3.  B  pejioM  pe3yjibTaTbi  peuieHHH  yKa3aiiHbix  3axi,aq  c  ynexoM  otbo/im- 

Moro  juisi  3Toro  BpeMeHH  no3BOJiniox: 

-  onpeflejiHTb  panHOHajibHbiK  cocTaB  KTIH  Ha  opOnxe; 

-  onpe^ejiHTb  HeoSxoxjHMoe  KOjmnecTBo  AOMB  Ha  KTIH; 

-  onpeaejiHTb  panHOHajibHbie  "tomkh  cxohhhji"  BbraoxuiMbix  KIIH; 

-  oOocHOBaTb  HeoSxoxiHMbiH  ypoBeHb  3Hepr0B00pyxeHH0CTH  (3anaca 

-  xapaKTepHCTHnecKOH  ckopocth  Ha  MaHeBpbi)  Kaxmoro  AOMB; 

-  onpeaejiHXb  xpe6oBaHH«  k  ajiMxejibHocxH  bkhmh  yBo^a  onacHoro 

3KM; 

-  npeflbHBHXb  xpeSoBaHHH  k  BHeuiHMM  npMBJieKaeMHM  cpe^cxBaM  n 

t.R. 

B03M05KHbie  TTX  paccMaxpHBaeMOH  cHcxeMbi  pacqHcxKM,  nojiyqeHHbie 
no  pe3yjibxaxaM  npoBeneHHbix  HccjrexioBaHHM,  npMBeaeHbi  b  xa6jinne  1. 
OXJHHM  H3  OCHOBHbIX  SJieMeHXOB  paCCMaXpHBaeMOH  CHCXeMbI  MBJIH- 

exca  cnepnajibHaa  KnH. 

B  cocxaB  KnH  flojimibi  BXoxmTb: 

-  AOMB; 

-  xpaHcnopxHo-nycKOBbie  KOHxeHHepbi,  oSecnenHsaiomHe  HeooxoflH- 
Mbie  ycjioBMM  xpaHeHHH  AOMB  Ha  6opxy  KnH; 

-  0£Y  xu m  npHBexxeHHB  KnH  b  "xonKy  ctohhhh”  Ha  paOoneM  opOnxe 
"6a3HpoBaHHHn,  opHeuxanmo  h  cxa6KJiM3au[HK)  KnH  m  BbixxanH 
HMnyjibcoB  xuih  nepejiexa  Ha  cboio  op 6 w  ry  "3axopoHeHMn"; 

-  OopxoBbie  cHcxeMbi  (ynpaBJieHHJi,  3HeprocHa6)KeHHH ,  xepMoperyjiH- 

pOBaHHM  H  ap.)- 

Bo3MO>KHbie  xapaKxepHCXHKM  KnH  npHBe#eHbi  b  xaojiHne  2. 


B.Ky3bMHHOB  H  Xtp. 


TaSjmija  1. 


m 

XapaicrepHCTHKa 

Efl. 

H3M. 

3Haaeime 

i 

2 

3 

4 

i. 

PemaeMbie  peneiibie  3ana<ni: 

-  pacqHCTKa  o6jiacTM  OCO  ox  3KM  no 
(J)HKCHpOBaHHOrO  ypOBHH  3aCOpeHHOCTH  3a 
3a,naHHoe  BpeMa, 

-  nozmepxauHe  nonycTHMoro  ypoBHH 
3acopeHHocTH  Ha  3a^aHH0M  HHTepBajie 
BpeMeHH, 

-  onepaTHBHoe  npenoTBpameHMe  KpH3Hc- 
hhx  cHTyapHH,  o6pa3yiom;Mxca  npw 
onacHOM  c6jiHxceHHH  3KM  c  KA. 

2. 

CocTaB  chctcmbi: 

-  op6nTajiLHaa  rpynnHpoBKa  KnH  c 
AOMB; 

-  HHtJlOpMailHOHHO-yXipaBJiaiOmHH  KOH- 
Typ,  coctohihhm  H3  KOMaH^Horo  nyHKTa 
ynpaBJieHHa,  pempa  (JiopMHpoBaHwa 
KaTajiora  3KM  h  Bbmaan  pejieyKa3aHMH, 
cpc^cTB  npneMa  ii  nepenaaM  HHc^opMaupH; 

-  npHB.xeKaeMbie  BHemmie  HH^opMauM- 
OHHbie  CHCTeMLi; 

-  CHCTeMbi  TpaHcnopTHo-TexHuaecKoro 
oQecneaexraa. 

3. 

KojinaecTBO  KITH  b  cncxeMe 

HIT. 

3-4 

4. 

KoiraaecTBo  AOMB  Ha  ohhom  KHH 

HIT. 

6 

5. 

IlapaMeTpbi  opSwT  "6a3HpoBaHHH"  KITH: 

-  THn 

OKOJIO- 

cxapHO- 

HapHaa 

-  BbICOTa 

KM 

35800  ± 
1500 

-  HaKfioHeHHe 

pa n 

0-:- 15 

-  ,n;ojiroTa  "tohkh  ctorhhh" 

pan 

0-360 

6. 

fljiHTejibHOCTb  ysofla  ohhoto  3KM  oahhm 
AOMB 

cyr. 

ho  7 

B.Ky3hMHH0B  H  ZEp- 


npo^ojixeHHe  Ta6jiMm>i  1. 


IlapaMeTpti  op6HTbi  "3axoponeHH5i": 


OKOJIO- 

KpyroBaa 


-  BblCOTa 


km  ~39000; 
~36100 


-  HaKJioHeHHe 


rpafl  0-:- 15 


IlapaMeTpbi  yBOflHMbix  3  KM: 

-  Macca 

-  raSapHTHbie  pa3Mepbi  KopnycoB: 

b  (J)OpMe  npH3MH 
B  (J)OpMe  PMJIHIIflpa 

npHBjieKaeMbie  BHeuiHue  cHcxeMbi: 

-  Ha6jHOfleHH5I  H  KOHTpOJIB  KI1 


Kr  ~ 1500 
2x3x6 
4x6 

Ha3eMHaH 

CKKn  h 

KOCMHHeC- 
Kaa  cHCTe- 
Ma  Ha6jno- 
aeHHH  3a 
KO  b  06- 
jfiaCTH 

oco 


-  CBH3H  H  peTpaiiCJIJIlIHM 


pa^HOJIH- 
HHH  KOC- 
MHHeCKOH 
h  Ha3eM- 
HOH  CeTH 
CBB3H 


-  naBHrapHH 


EKHC  th- 
na  Tjio- 


CHCTeMa  TpaHcnopTHo-TexHMHecKoro 
o6ccneqeHH2 


PH  rana 
"npoTOH" 
c  PE,  TK 
h  CK 


B.Ky3bMHHOB  H  flp. 


TaGjimja  2 


■ 

XapaKTepncTHKa 

Ea. 

H3M. 

3HaHeHHe 

1. 

Macca  bbiboahmom  Ha  op6HTy  "6a3Hpo- 
BaHHfl"  KITH 

KT 

2770 

2. 

CyMMapHbiH  3anac  xapaKTepHCTHHec- 
KOH  CKOpOCTH 

m/c 

~200 

3. 

KojiHHecTBO  AOMB 

HIT. 

6 

o 

BpeMH  aKTHBHOrO  CymCCTBOBaHHB 

Mec. 

1-3 

1 

ra6apHTHbie  paaMepbi: 

-  AwaMeTp 

M 

~4.0 

■ 

- AAHHa 

M 

~1.4 

B  cooTBeTCTBHH  c  LjejieBbiM  Ha3HaiieiiHeM  b  cocTaB  AOMB,  aojdkhbi 
6biTb  BKJiiOHeiibi  cjTejiyiomHe  OopTOBbie  cpejicTBa: 

-  ycTpoHCTBo  3axBaTa  3KM; 

-  6opTOBaH  HH4>opMau,iiOHHafl  cMCTeMa; 

-  6opTOBOH  KOMiuieKC  ynpaBJieHMB  b  cociaBe  CYH,,  CYBA,  EIJBK, 
CTH; 

-  cHCTeMy  3JieKTpocHa6xeHHH; 

-  oSBeAHHenHyio  ABHraTejibHyio  ycraHOBKy; 

-annapaTypy  cbb3H  h  CHCTeMy  TepMoperyjiHpoBaHHB. 

Bo3MOXCHbie  TeXHHBCCKHe  XapaKTepHCTHKH  AOMB  npHBCJICHbl  B  Ta6- 
Jinii;e  3. 

TaKHM  o6pa30M,  nojiyneHHbie  oneHKK  ochobhhx  TexHHHecKMx  xapaK- 
TepHCTHK  OpBHTaJIbHbIX  KOMnJICKCOB  KOCMIBieCKOM  CHCTeMbI  paCxIHCTKH 
noKa3biBaioT  Ha  npHHAHnnajibHyio  B03MoxcHocTb  pememra  npoSjieMbi  3aco- 
peHHH  oSjiacTH  OCO  ot  3KM  nyreM  hx  yBOAa  Ha  opSHTbi  "3axopoHeHHfl"  c 
noMombio  MajiopaaMepHbix  KA-6yKCHpoB. 


B.Ky3bMHHOB  H  Ap. 


Ta6jimja  3 


US 

XapaKTepHCTHKa 

Ea- 

H3M. 

3HaneHHe 

1. 

CxapTOBaa  Macca  AOMB 

Kr 

~270 

2. 

THn  6opTOBOH  HH(J)OpMaij;HOHHOM 

OnTHKO-OJieKTpOH- 

CHCTeMBI 

iiaa  annapaTypa  + 

Aa3epHbiH  AajibHO- 

Mep 

3. 

3anac  xapaKTepHCTiraecKOM  cKopocTH 

npn  yBoae  3KM  Ha  opSuTy  "3axopo- 

HeHHfl"  c  npeBbinieHHeM  no  BbicoTe: 

m/c 

-  Ha  3000  km 

2100 

-  Ha  300  km 

o 

00 

! 

BpeMB  aKTHBHoro  cymecTBOBanna 

Mec. 

5-:-7 

TaSapHTHbie  pa3Mepbi: 

-  ^naMeTp 

M 

1.12 

| 

-  nJiHHa 

M 

~1.1 

B.Ky3bMHHOB  h  Ap. 


Assesment  of  possibility  to  use  small  transportation 
spacecraft  to  remuve  from  geostationary  orbit  space 
objects  including  lage  elements  of  space  debris. 

V.  Kuzminov,  A.  Rembeza,  V.  Khegai 
TsNIIMash 

Korolev  Moscow  Region,  Pionerskaya  str.  4, 

141070  RUSSIA 
FAX:  (095)  -  513  -  5420 


There  are  considered  ways  to  settle  the  problem  of  techno-genic  conti- 
mination  of  near-geostationary  orbit  (  NGO  )  space  with  lage-sized  debris 
(LSD)  by  means  of  transferring  them  to  disposal  orbits  with  the  help  of  dedi¬ 
cated  inter- orbit  boosters  (  small  trasportation  spacecraft  ). 

Defined  are  main  pupouse  tasks  connected  with  cleaning  of  the  NGO 
from  LSD,  composition  and  structure  of  a  ration  verson  of  a  cleaning  space 
system  basing  on  space  carrier  platform  (  SCP  )  with  autonomouse  detacha¬ 
ble  tug-modules  ( ADTM  ). 

Main  technical  perfomance  of  orbital  vehicles  (  SCP  and  ADTM  )  are 
also  assessed. 


V.  Kuzminov  ... 


HcCJieflOBaHHC  BOnpOCOB  B03M02KH0CTH  C03flaHHfl 
rjioSajibHOH  KocMsraecKoii  CHCTeMbi  HHcneKHHH 
Ha  6a3e  MajioraGapHTHbix  KA 


PaHKyHOB  T.r.,  PeMSesa  A.H.,  PoMaHOBCKHH  JI.M.,  Ky6aHOB  A.A. 


D,HHHMaiH, 

PoccHHCKoro  KocMHciecKoro  areHTCTBa 
141070  r.  KopojieB,  yji.  IlHOHepcKaa  4 
CpaKc:  (095)-187-1511 


CacTeMa  npeqHa3HaHCHa  bjhi  KOHTpoim  3a  coGjiio/Ighhcm  MOK/ryna- 
poziHbix  corjiameHHH  o  3anpemeHHH  m hji Hxap  h 3anHH  KocMiwecKoro  npo- 
cTpaHCTBa.  OHa  oOHapyxoiBaeT  kocmhh ecKiie  oObeKTH,  nojiyaaeT  /iaHHbie  o 
TeKymHX  napaMeTpax  hx  /iBi-DKeHnu  h  npOBQZiHT  iicoOxo/iHMbie  H3MepeHiM  b 
OKpeCTHOCTH  KOHTpOJIHpyeMOTO  oObeKTa. 

OcHOBy  CHCTeMbi  cocxaBJiaiOT  KA,  ocHameHHbie  onTHKo-aaeKTpoHHOH 
npHeMHOH  annapaTypoH  h  MajioraSapHTHbiMH  cpencTBaMM  aocxaBKH  H3Me- 
pHxejibHOH  annapaTypbi  b  oKpecTHocTb  KOHTpojiHpyeMoro  oObeKTa. 

B  flOKJiafle  npoBe/teH  aHajiH3  Macco-3HeprexHMecKHX  xapaKTepHCTHK 
COCXaBHbIX  SJieMeHTOB  CHCTeMbi. 

CTpyKxypHaH  cxeMa  CHCTeMbi  OTpaxcaeT  cocTaB  h  B3aHMO,aeHCTBHe 
OCHOBHbIX  H  BCnOMOraTejIbHbIX  SJieMeHTOB. 


Creation  Problems  Study  of 
Global  Inspection  Space  System 
on  the  Base  of  Small  Space  Vehicles 

Raykunov  G.G.,  Rembeza  A.I.,  Romanovsky  L.M.,  Kubanov  A.A. 


TsNIIMash  RSA 

Pionerskaya,  4,  Korolyov  City  Moscow  Region, 
141070,  Russia 
Fax:(095)-187-1511 


The  system  is  intended  for  supervision  of  the  international  agreements 
on  space  militarization  prohibition  maintenance.  The  system  detects  space 
objects,  their  movement  parameters  data  acquisition  and  performs  required 
measurements  in  the  area  around  the  monitored  object. 

Small-sized  SV  are  equipped  with  opto- electronic  detection  instruments 
and  with  means  for  delivery  of  the  measurement  instruments  to  the  location 
of  the  monitored  object. 

Analysis  of  SV  mass-power  characteristics  and  the  system  composition 
and  its  primary  and  support  interfaces  are  described  in  the  report. 


Mcnojii»30nannc  op6trrajibfibix  xpocoBbix  chctcm  npn  BbiBeflcnaa  MaJibix  KA 
(MKA)  iia  paGoHHe  opSiixbi  h  b  xo/tc  onepanna  no  B03Bpamennio  MKA  c  inejibio 
nx  nocneayiomcro  noBTopnoro  Hcnojib30Banna 

B.JIyKbflLueHKO.  B.Bopiicois,  r.ycneHcxaH,  B.CeMenaeHxo,  H.KoMaccapoB, 
C.Oe/iopoB.  B.ripv,axorji>m,  A.Aatinjiem<o,  C.JlaryuiHHa,  A.LJ,bi6yjiHH,  K.Ejikhh 

UHHHVlain 

141070  r.KopoJieB,  MocxoBCican  oOnacTb, 
yju-ma  rinoHepcKaa,  4 
cpaxc:  (095)513-42-92 

Pcd)cr>aT 

npe/Uiaraexcn  KOHaenaan  acnojib30BaHaa  MKC  Kaic  uempa  no/n'OTOBica  a 
ynpaBiicHH5i  axcnnyaxanaea  MKA,  (jiyaKnaoiiapyiomax  b  HHcl)pacxpyKxype  MKC.  B 
paMxax  icoimenpHH  paccMaxpaBaioxcH  nepcnexTHBLi  acnojib30BaHaa  MKA 
pa3JiHBHoro  Ha'iiia^iciiHJi,  b  tom  aacjie  -  nepao/niMecKH  o6cjiy>KHBaeMbix  c  noMonpao 
TexHHHecKHX  cpepcTB  MKC.  llpe/piaraeTCM  npHMenaxb  op6aTaJibHbie  TpocoBBie 
cHCTeMBT  xax  /pi a  ocyo/ecTBJieHHM  moko p 6 HTaii b h bix  nepexopoB  MKA,  Tax  a  zuifl 
opraiiH3aunw  axcne/iH an  a  npi-iB5i3Hbix  cyScnyxHHXOB.  B  3toh  CBH3H  b  paOoxe 
paccMaxpHBaioxca  iicpcriexrHBbi  xpocoBbix  chctcm  otcpcctbchhoh  pa3pa6oTXH 
(xo'ropbie  Moryx  ObiTb  pa3Mcineiibi  xax  aa  6opxy  AKA  THna  «MAKOC»‘,  rpy30Bbix 
Tpa h cn opTH b ix  KopaOaen  «1  lporpccc-M»,  rax  h  na  SopTy  MO/Tynea  poccaircxoro 
cerMei-rra  MKC). 

nojiyBeiiHbie  oaemca  noxa3biBaiOT  3(]xl[)exTHBHOCTb  npi-iMeneiiHa  tpocobmx 
CHCTCM  C  TOMXH  3pCHHJI  CymeCTBCHHOH  3XOHOMHH  (/IO  80%)  OopTOBbIX  3anaCOB 
TonaHBa  MKA,  hto  cnocoOao  xax  3iialiHTe.TbHO  npo/piHTb  cpox  ero  no/ieTa,  Tax  a  - 
npn  ueoOxo/iHMOCTM  -  paTb  bo3mo>xhoctb  MKA  ocymecTBHTb  axTHBHbia  MaHeBp  no 
c6jin>xeHHio  h  cTbiKOBxe  CO  cxa/maea.  Tina  3'roro  c/iynaa  H3yaaeTCH  xax  bo3mohchoctb 
CTbiKOBXH  MKA  na  cnemianbuo  Bbi/ieneinibin  /pin  sthx  neaen  cTbixoBOHHbia  y3ea,  Tax 
H  B03M0)XH0CTb  IlO/lGopa  MKA  CiaH n II 0 II H bl M H  poOOTOTCXIIHPeCKHMH  cpencTBaMH 
(ManiinyaiiTopaMH  a  t.ip). 

B  caypae  op  ran  H3a  a  a  a  axcne/nmaa  npHiiaaiibix  MKA  xpocoBaa  cncTeMa 
no3Boaaerr  npoBO/iHTb  ax  m h o ro x  panio ,  CBcpTbiBan  xpoc,  oocayKanaa  MKA  Ha 
6a30B0M  oSbexTe  cacTCMbi  h  BHOBb  pa3BcpTbiBaa  xpoc  c  apaBimibiM  MKA. 

06cjiy>i<HBaHHe  MKA  npeacxaBaaeTca  hco6xo/[hmlim  xaxxce  b  cayaae 
Hcaoab30BanH}i  aa  hx  6opxy  yaHKajibiibix  npaOopoB  (Tuna  MHoroxaHajiLHoro 
cnexxpoMexpa  VIMS  h  t.ip),  xoxopbie  >xeaaxeabiio  sKcnjiyaxapoBaTb  xax  mox<ho 
aoabiae  a  aa  pa3JiHMHbix  opOnxax.  a  ana  MKA  'ran a  «14acnexTop». 

Bo3mo>kiioc  Mccro  MKA  na  jjin photo  aaiiiaMCiiaa  b  im(l>nacxpyKTVpe  MKC 

OabiT  axcnayaxanaa  cTaaaaa  «Map»  aoxaaaa,  axo  3(j)(|)eKTHBHOCTb 
HcriojibBOBaiiKM  aeaeBoa  aaaapaTypbi  a  upone/ieumi  axcnepaMeaTOB  mo>kct  Obits 
cymecxBeiiao  aoBbiiaeaa  nyxcM  HcnoabaoBanan  b  HHclipacxpyxType  CTaimaa 
CBoOoaHoaeTMiaax  o 0 c ay >x a  b  ac m i>i x  aBTOMaxaaecKax  KA  a  xpocoBbix  cacxeM, 
oOecneaHBaiouiax  B03M0>KH0CTb  y/iajicinai  ox  cxaaaaH  aa  3a/iainibie  paccxoaiiaa  a 


B-Jlyicbameaxo 


aBTOHOMHoro  ([lyHKUHOHHpoBairaM  pejieBOH  annapaxypbi,  a  xax>xe  bo3mo>khoctb 
onepaTHBHOH  ziocxaiixn  na  3eMKio  pe3yjibxaxoB  HccneziOBaHHH. 

B  Hacxonmee  BpeMH  b  H,HHHMALII  cobm€ctho  c  KoonepauneH  (PKK 
“Bnepraa”  h  zip.)  pa3pa6axbiBaexcH  npoexx  aBxoMaxHnecxoro  o6cjiy>i<HBaeMoro  KA 
“MAKOC-T”1  JIJIX  MHKpOrpaBHTailHOHHBIX  H  XeXHOJTOrHHCCXHX  HCCJieZJOBaHHH, 
o6jiaziaiomero  cfioco6hoctbio  kbk  aBTOHOMHoro  tjiyHXHHOHHpoBaHHH  Ha  oponxe,  Tax  h 
Me>Kop6HTajibHoro  MaHeBpupoBaHHB  zpa  cojhdicchhh  h  cxbixobxh  c  MKC. 

Taioxe  oSpamaex  Ha  ce6a  BHHMaHHe  MHorooSemaromee  iianpaB.xeiiHe 
Hcnojib30BaHH5i  BbiBoziHMbix  c  6opxa  MKC  Manbix  KA  pa3JiHHHoro  pejieBoro 
Ha3HaHeHH5i.  Oiih  Moryx  Hcnojib30BaxbCH  -nozio6Ho  neMemcoMy  MKA  «HHcnexxop»- 
ZUin  HaQjnozieiiHB  3a  cocxoaimeM  BHeiHHHX  noBepxHoexeH  MoziyJieH  cxaHHHH. 
(BeponTHo  npHMeneHHe  xaxHx  MKA  b  ripHBH3HOM  Bapnanxc,  c  nocjieziyiomuM 
B03Bpamei-iHeM  na  craHunio  h  noBTopHbiM  Hcnojib30BaHHeM.)  MKA  b  HH^pacxpyxxype 
MKC  zjojdkhm  Taioxe  pemaTb  3a,xaxH  ajiexxpoMarHHXHoro  MOHHTopHHra  b 
OKpecTHOCTxx  cxannHH,  OTCJioKHBaxb  TaM  nbuieByio  oScxaHOBKy.  Bo3mo>i<ho  xaxace 
Hcnonb30Baxb  cxaiiiuno  jinx  npoBezieHHH  b  pe>KHMe  xejiecaHenc  nonexoB  MKA 
njia3MO(})H3HiiecKoro  HaBitaxeiiHa  Ha  3HanHxejibHbix  yziajieHHnx  ox  cxaHHHH,  a  xaxixe 
3KcneziHHHH  MKA  b  nnrepecax  HccneziOBaHHH  BepxHen  axMocc|)epbi  3cmjih.  B  sxom 
cjiynae  nozio6iibie  MKA  Moryx  BbiBOAHXbca  Ha  pa6oHHe  op6HXbi  c  iiomouibio 
MexcopSHxanbuoro  SyxcHpa,  b  pojin  Koxoporo  MO>xex  BbicxynHXb  AKA  «MAKOC», 

B03M0>KH0,  OCHanieHHblH  H  XpOCOBOH  CHCXeMOH. 

Bq3MO>KHOCTH  HCn0Jllb30BaHHH  TPOCOBhlX  CHCTeM  IIPH  BblBeXCHllIl  MKA  Ha 

pa6oHHe  op6HTbi 

Ha  ripoxa>icenHH  pazia  ziex  HHHHMAIII  cobmccxho  c  PKK  «3HeprHH»,  MAH, 
HKH  PAH,  HP3  PAH  h  I-inO  MauiHHocxpoeHHH  npoBoziHx  cncxeMHbie  HccneziOBaHHH 
B03M0>I<H0CXeH  3([lc[)eKXHBHOrO  npHMCHeHHH  B  COCXaBe  cxaHHHH  XpOCOBbIX  XeXHOJIOrHH 
ZUin  pemeiiHH  xax  xpancriopxHbix  3azian  (cxbikobkh,  ziecanxHpoBaiiHH  rpy30B  Ha  3eMJiio, 
yziajieHHa  oxxoziob),  xai<  h  Hay-mtix  HccjieflOBaHHH  -  b  nacxHocxH,  Ha  6a3e  npHMeHeHHH 
SjieKxpo/^HnaMHHecKHx  TpocoBbix  Chcxcm  (3J\TC).  npH  3xom  paccMaxpHBaioxca 
B03MO>KH0CXH  npHKJiaZIHOrO  npHMeHeHHH  3/I.TC  ZIBH  HOnOJIHHXeJIbHOrO 
3JieKXpOCH£l6>KeHHH  H  KOppeKHHH  Op6HXbI  CXaHHHH. 

HpezicxaBJiHex  HHxepec  aHaiiH3  Hcnonb30BaHHH  b  xanecxBe  Me>i<op6HxajibHoro 
SyxcHpa  zuiji  MKA  -  AKA  «MAKOC»,  ocHauieHHoro  3jiexxpozHiHaMHLiecKOH!  xpocoBofi 
CHcxeMOH.  B  oco6ennocxH  npHBJiexaxejibHO  BBirjiH/iHX  bo3mo>khocxb  Hcnojib30BaHHH 
B3anMozieHcxBHH  3,H,TC  c  reoMarHHXHHM  noneM  jinx  opSHxanbHoro  MaHeBpa  c 
H3MCHeHHe  yraa  naxjiOHeHHH  miocKocxH  opSnxbi  xpocoBOH  cbh3kh,  Ha  Koxopyio,  b 
nacxHOCXH,  yxasano  b  cnpaBOHHHxe2. 

Tax,  cornacHo  ripeziBapHxejibHOH  opeHxe,  cziezzyiomen  jiornxe  paSox2'3,4  zuih 
H3MeneHHH  iiaxnoHeHHH  nnocxocxH  op6nxbi  xpocoBOH  cbh3xh  AKA  «MAKOC»  - 
3/J.TC  -  npHBH3H0H  MKA  na  20°  (c  51,6°  zio  71,6°)  noxpeSyexca  -41,5  cyxox. 

npoBeziervi  xaioxe  npeziBapHxejibHyio  cpaBHHxejibHyio  opeuxy  B03M0>KH0cxeH 
Hcnojib30BanHH  jinx  Me>Kop6HxajibHbix  riepexoziOB  ziBHraxcmaioH  ycxanoBXH  AKA 
«MAKOC»  h  3/JJC,  pa3BepxbmaeMOH  c  6opxa  AKA  «MAKOC».  Hpn  sxom  zionycxHM, 
hxo  BejiHHHHa  HHziynHpyeMOH  b  npoBozinmcM  xpoce  3.ZJ.C.  BCJiezicxBHe  ero  zibhkchhh  b 


B.JIyxbHineiiKO 


reoMarHHTHOM  none  nocxonHHa  h  paBHa  0,15  Bonbx  Ha  noroHHHH  MeTp 
aneicTponpOBonanjero  Tpoca. 

Mcnoj[b30BaHne  3/JTC  b  cocxaBe  AKA  «MAKOC»  npeqnonaraex  noocnaineHHe 
AKA  cnenyiomen  annapaxypon: 

•  MHoropa30Baa  neGe/aca  rjix  pa3BepxbiBaHHK  n  CBepxbiBannH  xoKonpoBonamen 
XpOCOBOH  cncxeMbi; 

•  npnB5f3Hon  KOHxenHep  (k  HeMy  bo3mo>kho  noqcoeqHHeHHe  6yKCHpyeMoro  MKA)  c 
6jiokom  KOHxaKxopnbix  ycxpoficxB  h  3anacoM  paGonero  xena  KOHxaKxopoB; 

•  6jiok  KOirraicxopHbix  ycxpoftcxB  b  cocxaBe  KA. 

Ha  pnc.l  h  2  npencxaBJieHbi  pe3ynbxaxbi  BbinojiHenna  xpaircnopxHbix  onepaqnn 
no  (|)opMnpoBanHio  paGonnx  op6nx  AKA  «MAKOC»  n  riocnenyiomero  ero 
B03Bpam,eHna  na  Mouxancnyio  op6nxy  cxanunH  JtH6o  c  Hcnonb30BaHneM  qBHraxenbHon 
ycxanoBKH  Gonbinon  xnrn  (pnc.l),  jth6o  c  ncnonb30BaHneM  3/(TC  pa3JiHHHon  ajihhbi 
(pnc.2).  flpn  onewKe  3({x])eKxnBHOCxn  ncnonb30BaHHn  3/JTC  npnHHMajincB 
cneflyiomne  onenomibie  npoeKTHwe  xapaKxepncxnKH  sneMertxoB  TpocoBoro 
KOMnneKca  na  6opxy  AKA  «MAKOC»  nn>i  nByx  BapnauxoB  npoxancermocTH  xpoca 
3/1,10  -  5  km  n  10  km: 

Macca  xpocoBon  jieOe/ucn  100-150  Kr; 

Macca  xpoca  160Kr;320  Kr; 

Macca  upnB5i3f:ioro  iconxennepa  c  Gjiokom 

KOHxaKxopnbix  ycxponcxB  65  xr; 

Macca  KonxaKxopnon  cncxeMbi  b  cocxaBe  AKA  10  Kr; 

cyMMapHbin  3anac  pa6onero  xena  KOHxaKxopoB  (ne3nn)  20-30  Kr. 

ripennonaranocb  xaioice,  nxo:  onopnasr  (Morixanaian)  opGnxa  cxaimnn  -  400  km; 
cxapxoBan  Macca  AKA  «MAKOC»-  7000  Kr;  MapmcBan  /JY  -  aBxoMaxnnecKaK 
nBnraxenBiiaa  ycxanoBica  MnoroicpaxHoro  BKjnonennn  xnna  A/(Y  AKA  «Oo6oc»; 
3anpaBKa  xorrnHBa  /(Y  (AT-H/JMr)  -  3000  Kr;  yqenbHafl  xnra  J\Y  -  325  c;  cyxan  Macca 
/jy  -  400  i<r;  icoi-ixaicxopiibie  ycxponcxBa  3/1,  TC  -  aneicxponnaaMenubie  reHepaxopbi  (b 
cocxaBe  AKA  «MAKOC»  )  n  nonme  Kaxonni  (b  cocxaBe  npnB»3Horo  KOHxennepa); 
paGonee  xeno  nna3MenHbix  KouxaicxopoB  -  qe3nn  (nn6o  apron);  pacxon  paGonero  xena 
cocxaBnaer  -  nn«  3nr  -  2,75  Mr/c;  jx.na  IIK  -  0,3  Mr/c;  paGonnn  xok  b  3/(TC-  5  AMnep; 
HHnyKnna  MarunxHoro  nona  -  2,6-1 0'5  Tn;  Tnn  xpoca  -  HITCBM;  ero  yqenbHoe 
aneKxpnnecKoe  conpoxnBneHne  -  10  Om/km;  noroHHaa  Macca  xpoca  -  32  kx/km; 
cncxeMa  aBXOMaxH3npoBaHHoro  pa3BepxbiBaHnn/cBepxbiBaHHK  xpoca  Ha  6a3e  xpocoBOH 
ne6eni<n  3KcnepHMenxa  «Tpoc-l»  (PKK  «3neprna»);  pacrionaraeMaa  aneKxpnnecKaa 
MotnHocxb  na  Gopxy  AKA  «MAKOC»  -  2,5  kBx. 

BbinonneHiibre  oneuKH  noi<a3ann  Bbicoxyio  3(})(])eKXHBH0CTb  npaMeneinm 
3/JTC  b  cocxaBe  AKA  «MAKOC»,  nxo  naex  bo3mo>i<hocxb  cyinecTBennoH  skohomhh 
3anacoB  xonmiBa  na  Gopxy  AKA  «MAK()C»  npn  MOKopGnxajibHOM  ManeBpiipoBainra. 

Flo  3aBepLiienHH  <oneKxponHHaMHiiecKoro»  ManeBpapoBaHnn  bo3mo>kiio:  jiuGo 
oxneneHne  MKA  of  npainnHoro  Konxenriepa  c  BicnonenneM  /(Y  MKA,  nnGo 
CBepxbiBanne  3/(TC  n  paaflepTbiBanne  iieripoBonn^en  onuoKparno  Hcnonb3yeMon 
xpocoBon  cncxeMbi  (pa3pa6oxi<a  MAH)?  c  MKA  Kaic  KonneBbiM  o6beKXOM. 


B.JlyKbJii.uenKO 


Phc.1.  Ouenica  noxpe6Hbix  MaccoBbix  3aTpaT  AKA  «MAKOC», 
ocymecTB/iatomero  Me>Kop6HxajibHbiH  nepexoa  c  MOHxa>KHOH  opGnxbi 
Ha  3a^aHHyio  pa6ociyto  op6Hxy  h  nocjie^yiomee  B03Bpamemre  Ha 
opoHxy  c  ranuHH  c  Hcri0Jib30BaimeM  )KP/1,  oojibmoft  xant. 
mjjy-  cyxafi  Mcicca  JJY;  mr  -  uaccosbie  3cimapambi  mowiuea 


B.JlyKbamenKO 


Phc.2.  Ouemca  bo3mo>khocxch  Hcri0Jib30BaHHa  3,11, 1C  b  cocTaBe 
o6cjiy>KHBaeMoro  KA  ^jih  Bbino.xHeHHH  Me>KOp6HxanbHbix  nepexoaoB  c 
MOHTaxaioH  opCnxy  Ha  paSonyio  c  nocne,zjyioiHHM  B03BpameHHeM  Ha  opOiiTy 

CTaHHHH. 

- jxnfi  3,XI,TC  c  Li  -  10  km 

_  Alia  3/I.TC  c  L2  -  5  km 

m,  -  cyMMapHbie  MaccoBbie  aaxpaxbi  no  Hcnonb30BaHHio  3/l.TC,  BKjnonaiomHe 
nocTOHHiiyio  cocxaBJiaiomyio  (Maccy  jic6c/ikh  h  KOHTaKTopoB  3/VlC)  h  Maccy 
pacxonyeMoro  paSonero  xena. 


B.JlyKbamenKo 


Ta6jiHua  1 .  OcnoBHbie  xapaicrepHCTHKH  rpancnopTHbix  onepapun  npH  Hcnojib30BaHHH 
HenpOBOflamHX  TpOCOBbIX  CHCTCM  C  npHBH3HBIM  MKA  MaCCOH  100  xr 


fljiHHa  pa3BepTbiBaeMoro  Tpoca,  km 

10 

20 

30 

40 

50 

3anac  xapaicrepHCTHMecKOH  CKopocra,  npno6peTaeMofi  MKA 
nocae  pa3BepTbiBani-Bi  h  pacuemcH  Tpoca,  m/cck 

22,3 

44,6 

66,7 

88,8 

110,8 

M3MeHeHHe  BbicoTbi  nojieTa  oObeiora  (b  anoree),  km 

70,4 

141,8 

214,1 

287,2 

361,4 

CyMMapHaa  rioTpeSnaa  Macca  TomiHBa,  Kr 

2,2 

■S 

6,5 

8,5 

10,6 

yMenboieHHe  Bbicorbi  nojieTa  HHxcHero  npHBjBHoro  o6i.eKTa 
nocae  pacuen kh  Tpoca,  km 

0,6 

■ 

1,8 

■ 

3,0 

Amina  pa3BepTbiBaeMoro  Tpoca,  km 


Annua  pasBepTbieaeMoro  Tpoca,  km 


PMC.  3.  C paBH HTCJI B H BIC  B03M0/KH0CTH  HCII0JIb30BaHHJl  ABHraieAbHOH  yCTaHOBKH  MKA 
AJifl  yBejiK'ieii  m  bbicotli  ero  op6HTbi  h  npHMeHeiiHH  nponeaypai 
pa3BepTbtBaHHH/pacuenKH  nenpoBOAameH  xpoccmoH  cncxeMbi. 


B.JTyKbameHKo 


TaKHM  o6pa30M,  npenBapHTejiBHBiH  anajiH3  noKa3aji  bo3mo5khoctb 

aOCTH>I<eMH51  BbICOKOH  SCjK^eKTHBHOCTH  HCHOJlB30BaHH5I  H  HenpOBOAHinHX  TpOCOBBIX 

CHCTeM  b  cocraBe  AKA  “MAKQC”/jih6o  TTK  «Ilporpecc-M2»  (xaK  6a30Boro 
cpe^cTBa)  ajiji  p.biBe^enHJi  MKA  na  “BBicoKoanoreHHbie”  op6nTBi  c  tohkh  3peHHa 
3KOHOMMW  3anacoB  SopxoBoro  TonjiHBa  -  Tax,  mi  a  BapwaHTa  MKA  c 
XapaKTepHCTHKaMM,  COOTBCTCTByiOLItH  MH  pa3pa60TKaM  Hno  HM.JIaBOHKHHa  - 
L(HHHMam\  skohomhh  TonjiHBa  npn  nepexone  Ha  KpyroByio  op6HTy  bbicotoh  ~760 
km  cocTaBHT  npHMepno  80  -90%  (cMOTpHTe  TaGnHiiy  1  h  pnc.3). 

Bnocxre;i,CTBHH  nono6H&iH  MKA  (npn  cymecTBOBaHHH  Heo6xonHMoro  pe3epBa 
ToruiHBa  h  ncjiecoo6pa3Hoc.TH  npo/tJieiiHa  ero  mhcchh)  b  npHHHHne  moxcct 
caMOCToaTe/Tbito  coBepurHTB  MancBp  no  cGnnaceiiHio  co  CTanuneH.  rne  Moa<eT  6biTb 
jih6o  no/io6pair  cooTBexcTByiomHMH  tcxhhmcckhmh  cpcncxBaMH  CTaHnnn 
(MaHnnyjiaTopaMH,  KOCMonaBxaMH  na  paSoHHx  nnoina/ucax,  «Space  Shuttle))  h  t.#.), 
jih6o  cocxbiKOBaxbca  na  cneitnajibHbin  nopx  (ho  sto  npennojiaraex  pa3MenteHHe  Ha 
6opTy  MKA  o 6 e c n e iih b aiomux  cxbiKOBKy  chctcm  h  yBenuneirae  ero  Maccbi  h 
raOapHxoB).  Hocne  o6cny>KHBaHHa  MKA  cmo>i<ct  bhobb  coBepmHTB  aBTOHOMHBiH 
nonex. 

Bo3ivio)khocui  ncnoJib30Bamia  Tpocoobix  eiieTeM  ajih  npoBenemiH  TpocoBbix 

3KcnepnMenT0B  na  6onry  MKC 

B  Hacxoaiuee  BpeMa  PKK  «3neprH5i»  npopaSaxbiBaex  bo3Mo>khocth 
nocTaHOBicn  coBMecxHoro  c  HTajibancKHM  areuxcxBOM  ASI  neMOHcrpaitHOHHoro 
3KcnepHMenxa  xpocoBon  xpaHcnopTHOH  chctcmbi  Ha  ochobc  FTK  «nporpecc-M». 
Ycnex  oxoro  axcnepuMeuxa  no3BOJinx  nnaHHpoBaxb  cooxBexcxByiomHe  OKcnepnMeHXbi 
Ha  Gopxy  cxaniuiH,  nanpaBjieHHBie  na  peuiefine  aa/tan  onepaxHBHoro  BbiBeneHHa  MKA 
c  6opxa  cxanLUi  h  na  3anainibie  opoiirbi  6e3  pacxo/ta  TonjiHBa  J\Y  MKA,  onepaxnBHOH 
nocxaBKH  rpy30B  c  op6hxbi  b  3anaHHbiH  paHOH  noBepxHoexH  3eMJin  (xax  Ha3BiBaeMaa 
«KOCMHnecKaa  noiixa»6),  cxbikobkh  c  neKOonepupyeMbiMH  oSxeKxaMH  -  b  tom  hhcjic 
MKA  -  mi  a  hx  o6cny>KHBaHHa  MeTOflaMH  BiieKopaSeJibHOH  neaTejihHocTH  (BK,fl)  nocne 
c6jiH>i<eH!ia  oGxeicxa  h  MKC  3a  cneT  c  Max  bibb  HH5i  Tpoca  b  npe^enbi  /iocaraeMOCTH 
BKfl.  ripH  3T0M  B03M0XCII0  HCn0JIB30BaHHe  OXC'ieCXBeHHBIX  CHCTeM 

pa3BepTbiBan hh /c aepTbi Ban m  Tpoca  h  kocmhhcckoxo  xpoca  LLITCBM. 

ycxpoficxBa  o/uioKpaTHoro  pa3BepTBiBaiiH)i  Tpoca  coctoht  H3  rnnyjiH  h 
cHCTeMbi  to  p  m  o  >i<e  h  h  b  BBinycKa  Tpoca,  oSecricHiiBaiomeH  TpeSyeMbin  3bkoh 
pa3BepTbiBaHH)i,  niapoHoaca  oTne.neHHfl  Tpoca.  y  cTponcTBa  pa3BcpTBiBaHHn  h 
CBepTBiBaHHX  Tpoca  6ojiee  cjioichbi  h  BK/nonaiOT  b  cboh  cocthb  jie6e/tKy, 
ocymecTBJDHomyio  sanaHH&ie  3aKOHBi  pa3BepTBiBaHHa/ CBcpTBiBaHHB  Tpoca  (Macca  hx 
npHMepno  na  nopsrjioK  6oJibme).  B  HacToamee  BpeMK  Benyxca  oTeHecTBeHHBie 
pa3pa6oxKH  i<aic  ycxponcTBa  onuoKpaTiioro  pa3BepTBmaHHH  (rpynna  H3  MAH),  Tax  h 
ycTpoHcxua  pa3BepxbiBaiiHH  h  CBepTBraaHHa  xpoca  (PKK  “SHeprua”).  Macca 
ycTpoHcxea  onuoKpaxHoro  pa3BepTBreaHHH  (pa3pa6oTKa  MAH)3  -  10  Kr  (6e3  Tpoca), 
npn  3T0M  i-ia  Ka'rymKe  noMeu/aeTca  /to  5  i<m  Tpoca  nnaMexpoM  ~3,5  mm;  raSapHTbi 
ycTpoficTBa  p a 3 b e pTBi b an h a  b  paSoneM  noJio>i<eHHH  -  0464  mm  x  680  mm. 
3Heprorioxpe6jreHHe  -  ot  10  Bt  no  15  Bx.  Hhcjto  KOMaHn  ynpaBJieHHa  -  2. 


B.JlyKBMUteHKO 


OSecneHHBaeMaji  y  crip  o  n ctbom  tohhoctb  pa3BepTbiBaHHH  Tpoca  -  no  yrny  Jin6pannH  He 
6onee  ±9°,  no  Ann  He  Bbinyineniioro  Tpoca  He  6onee  ±50  m  ,  Yctpohctbo 
pa3BepTbiBaHH5i/cBepTT>iBaHHH  Tpoca  (pa3pa6oTKa  PKK  “SHepraa)7  oSecnennBaeT 
ynpaBJiaeMbin  Bbinycrc  Tpoca  c  rauieHHeM  npoAonwibix  Kone6aHi-in,  npn  otom  cmkoctb 
ycTponcTBa  cocTaBiuieT  20  km  Tpoca  AHawerpoM  3  mm,  Macca  ycTpowcTBa  (6e3  Tpoca) 
~380  kt,  raOapHTBi  -  01000  mm  x  570  mm  (6apa6aH  n  sneKrpoABHraTenb);  640  mm  x 
570  MM  (BCTBBKa  c  BblXOAHblM  GnOKOM  yCTpOHCTBa,  B  T.H.  -  C  nHpOHO^KOM). 
3Heprono'[*pe6jieHHe:  cpcanee  -  100-150  Bt,  MaxcuMyM  -  ao  1,5  kBt.  B  Pocchh  k 
nacTomneMy  Bpevienn  co3Aanbi  h  npomnn  nnxn  Ha3eMHbix  ncnbrraHHH  o6pa3i|bi 
npoTJDKeiinbJX  rpoca  h  xaGenb-ipoca  (npoBOAamero  3jieKTpniiecKHH  tok)  -  IIITCBM7. 

Ha  nanajibHOM  3Tane  pa3BepTbiBanHa  h  (j)yHKnnoHHpoBaiiHH  MKC 
npe^jiaraioica  b  xanecTBe  riepBOonepeAHbix  cneAyiomne  HanpaBJieHHH 
BKcnepHMeiiTajibHbix  HecneAOBaHHH  h  HcnojibsoBannH  OTC  (Ha  6a3e  TK  “Hporpecc- 
M”  h  ncnojibsoBaHHB  MKC  xax  MecTa,  rne  arperaTbi  OTC  npnBOAATca  b  paGonee 
nonowenne  ann  nocnenyiomero  aBTOHOMHoro  (l)yHKnnonnpoBanna  nocne  OTAenenna 
TK  “ITpoipecc-M”  ot  MKC): 

•pa3BeprbiBanne  oxcnepnMeHTanbHbix  3JieKTpoAHHaMHHecKHx  TpocoBbix  chctcm, 
Hccue^OBanne  hx  xapaxTepncTHK  h  ocoGeHnocTen  ({iyHKHHorinpoBaHHH,  b  tom 
HHCJie  c  Hcnojib30BaHHeM  Majibix  KOCMHnecKHX  annapaTOB  -  npoeKT  “ByjiKaH- 
MKA”; 

•ncnoj[L30Banne  OTC  Ana  npoBCAeHna  TpancnopTHbix  onepannn,  b  tom  HHCJie 
BbiBenenne  na  paGonne  op6nTbi  Majibix  kocmhhcckhx  annapaTOB  naynHoro 
narnianeHmi;  pa3BepTbiBanne  opGHxanbHbix  TpocoBbix  cba30K  c  MajibiMH  KA, 
BOSBpaT  na  3cm jho  Kancynbi  “Panyra”  -  nocae/mnn  cnynan  -  sto  npoeKT  "TATS" 
(poccnHCKO-eBponeficicHH  npoeicr  TpancnopTHon  OTC  no  AocxaBxe  Ha  3eMJiio 
Karicyjibi  "Panyra”). 

Bnocjie/FCTBHH  npeAJiaraeTca  npoBecTH  SKcneAHipm,  icoTopbie  aoajkhm 
nponeM oh CTpnpo  Barb  Ha  npaxTnxe  npnMeHHMOCTb  OTC  Ha  GopTy  MexcnynapoAHon 
KocMHnecKon  CxanuHH  (icax  3/1TC,  Tax  h  TpancnopxHon  OTC). 

BbIBOflbl 

B  paGore  noi<a3anbi  AocxonncTBa  Konnenunn  Hcnonb30BaHna  MKC  KaK  peinpa 
nonroTOBKH,  BbiBeAeiina  h  (npH  hcoOxoai-imocth)  ynpaBJienna  DKcnayaTannen  MKA, 
(JjyHKHHOHHpyiorunx  b  HH([)pacipyKType  MKC.  B  paMKax  stoh  KOHnennnn 
npe/uioxceiro  npiiMemiTb  op6nTaiibHbie  TpocoBbie  chctcmbi  KaK  Ana  ocymecTBneHHa 
Me>Kop6maAbitbix  nepexoAOB  MKA,  tak  h  a™  opraHraauHH  oKcneAHquH  npHBa3Hbix 
cyScriyTiniKOB. 

MKA  Moiyr  ncriojib30BaTbca  -noAo6no  neMeincoMy  MKA  «HHcneKTop»-AAa 
HaGnioneima  3a  coctoahhcm  BHemiwx  noBepxnocxeH  MOAynen  CTaunnn.  npnneM  KaK  b 
npHBa3HOM  Bapnar-TTe,  rai<  h  b  bbtohomhom.  MKA  b  mi(])pacTpyKType  MKC  aoa>khbi 
TaKHce  pemaTb  3aAann  sneKTpoMarHHTHoro  MOHHTopHHra  b  OKpecTHocTax  ctahhuh, 
otcjiokh saTb  tom  nbmeByio  oGcTanoBxy.  Bo3MO>kho  Tax>xe  Hcnonb30BaTb  ctahahk) 
Ana  npoBeAerina  b  pe>r<HMe  Teaecanenc  riojieroB  MKA  naa3MO(J)H3HHecKoro 
na3HaiienH5i  na  3nanHTenbHbix  ynanennax  ot  CTannun,  a  Taxace  3KcneA«HHH  MKA  b 
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HHTepecax  HCCJiezioBain-ift  BepxHen  axMOC^epw  3eMjra.  B  3tom  cnynae  no,zto6Hbie  MKA 
MoryT  BWBo^HTbca  na  paSonne  opSHTM  c  noMomfaio  Me>Kop6HTaJTt,Horo  GyKCHpa,  b 
pojiH  KOTOporo  MO>i<ex  BbiCTynHTb  AKA  «MAKOC»  hjih  ITK  «IIporpecc-M2», 

B03M05KH0,  OCHameHHbie  H  XpOCOBOH  CHCTeMOH. 

BwnoJiiieHHbie  oneHKH  noKa3anH  Bbicoicyro  3(|x])eKXHBH0CXb  npHMeHeHHfl 
3#TC  b  cocTaBe  AKA  «MAKOC»,  mto  naex  bo3mo>khocxb  cyipecTBenHOH  skohomhh 
3anacoB  xoniiHBa  ua  6opTy  AKA  «MAKOC»  npn  MexcopSHxajiBHOM  MaHeBpHpOBaHHH. 

Anajins  rioi<a3an  Taioice  bo3mo>khocxb  ;jocTH>KeHHH  bbicokoh  3(})<j)eKXHBHOCXH 
Hcnonb30BaHna  h  r-ienpoBonamHx  TpocoBbix  cHCTeM  b  cocTaBe  AKA  “MAKOC’VFTK 
«riporpecc-M2»  wist  BbiBefleHHH  MKA  Ha  6ojiee  BbicoKne  op6HTbi  c  xohkh  3peHHa 
3kohomhh  3anacoB  SopTOBoro  xonjiHBa  -  tbk,  jxjisi  BapnaHxa  MKA  c 
XapaKTepHCTHKaMH,  COOXBeXCXByiOlItHMH  pa3pa6oTKaM  Hno  HM .JlaBOHKHHa 
UHHHMam5,  skohomhh  xonjiHBa  npn  nepexone  na  KpyroByio  op6nxy  bbicoxoh  -760 
KM  COCTaBHT  npHMCpHO  80-90%. 

Bnocjie/.icTBHH  noaoOnbiH  MKA  (iipn  cymecTBOBaHHH  HeooxojgHMoro  pe3epBa 
ToniiHBa  h  uejiecoo6pa3HOCTH  npofljiei-uni  ero  mhcchh)  b  npurnmne  Moxcex 
caMocioBTejib h o  coBepmuTb  MaHeBp  no  cSjimKenmo  co  cxaHnnen,  rae  Moxex  6biTb 
jih6o  noAoSpan  cooxBexcxByiomnMH  TexH  hhcckhmh  cpepcxBaMH  cxampiH 
(MaHHnynjixopaMK,  KOCMOHaBxaMH  na  pa6onnx  nnoma^Kax,  «Space  Shuttle))  h  T.n.)? 
jih6o  cocxbiKOBaxboi  na  cnennanbUbiH  nopx  (ho  axo  npe/tnojiaraex  pa3MemeHHe  Ha 
6opxy  MKA  ooecnennaaiomnx  cxbiKOBKy  cncxeM  h  yBeJinneHne  ero  Maccbi  h 
ra6apnxoB).  Flo  cue  o6cjiy>KHBaHHH  MKA  CMO>i<ex  bhobb  coBepmnxb  aBXOHOMHbm 
nonex. 

noKa3ano.  mxo  b  Pocchh  HMeexca  3HaHHxejibHbiH  3anen  b  nacxn  xpocoBbix 
cHcxeM,  Koxopaie  Moryx  6bixb  pa3MemeHBi  Kaic  Ha  6opxy  AKA  xnna  «MAKOC»  , 
rpy30Bbix  xpancnopxHbix  KopaOnen  «ITporpecc-M2»,  xax  h  Ha  6opxy  Mo^yneft 
poccHHCKoro  cerMenxa  MKC.  ripc/uioxcenbi  nencTBHs  no  peajiH3anHii  oxeuecxEemibix 
neMOHCxpanMOHiibix  npoeicxoB  xpocoBbix  sKcnennnnH. 

CoanaiiHe  h  (|>y hk n non npoBaHne  Ha  MKC  opOuxaiibHon  xpocoBOH  cwcxeMbi 
cnocoSno  npunarb  noBoe  KauecxBO  nporpaMMe  ee  ncnojib30BaHHH,  xax  KaK  npHBeflex  k 
3Kohomhh  xonjiHBa  npn  ripoBefleHHH  xpaHcnopxHbix  onepannn,  oxKpoex  bo3Moxchocxh 
onepaxHBiion  /jocxanKn  nojiynemibix  Ha  op6Hxe  MarepnanoB,  a  xaioice  H36aBJieHHa  ox 
Mycopa,  noKBHXca  bo3mo>ichocxh  nonyueHHH  3HannxeiibHbix  oObcmob  flonojiHHxejibHoS 
3jieKXp03neprHH. 

Pa6oxa  6btna  BbinoitHeHa  b  paMKax  TocyflapcxBeHHoro  KOHxpaxxa  -N°  851- 
5095/96  o  r  17.06.1996r.  naHHP  «TPOC-Lf-2000». 
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Abstract 

It  is  proposed  concept  of  the  ISS  use  as  a  center  for  SSC  preparations  and  mission 
control.  These  SSC  will  be  included  in  infrastructure  of  the  ISS.  In  frames  of  this 
concept  the  prospects  of  SSC  with  different  specialization  are  under  consideration. 
Among  them  there  are  ones,  which  will  be  periodically  serviced  with  help  of  the  ISS 
technical  vehicles  and  means.  It  is  suggested  to  use  orbital  tethered  systems  both  for 
SSC  inter-orbital  maneuvers,  and  for  tethered  sub-satellites  missions.  In  this  context  the 
prospects  of  Russian  tethered  systems  are  considered  in  the  paper.  These  tethered 
systems  can  be  installed  onboard  spacecraft  (SC)  «MAKOS»-type'  or  onboard  logistic 
ferry  «Progress-M»,  or  onboard  ISS  Russian  Segment  modules. 

Obtained  estimations  demonstrates  effectiveness  of  tethered  system  use  with  point  of 
view  significant  saving  of  SSC  fuel  (up  to  80%),  that  can  give  an  opportunity  to  prolong 
significantly  its  mission  duration,  and  if  necessary  allow  SSC  to  maneuver  for 
rendezvous  and  docking  with  the  ISS.  To  study  this  case  is  considered  both  possibility 
for  SSC  to  dock  with  special  docking  unit,  and  possibility  to  catch  SSC  by  robotic 
means  of  the  Station  (manipulators,  and  so  on). 

In  case  of  tethered  sub-satellite  missions  the  re-usable  tethered  system  allow  carry  out 
them  many  times:  tether  will  wind  up,  SSC  will  be  serviced  onboard  a  basic  object  of 
the  system,  and  then  tethered  system  will  be  deployed  again. 

SSC  servicing  is  considered  as  necessary  also  in  case  of  unique  scientific 
instrumentation  installation  on  their  board  (like  multi-channel  spectrometer  VIMS  and 
so  on).  Such  approach  allows  to  prolong  operations  with  the  instrumentation  as  possible 
and  to  carry  out  missions  in  various  orbits.  Servicing  is  desirable  also  in  case  of  SSC 
«INSPECTOR»-type. 

Possible  role  of  SSC  with  Different  Missions  in  ISS  Infrastructure 

Experience  obtained  at  operations  of  the  «MIR»  Station  shows  that  effectiveness  of 
payloads  use  and  experiments  carrying  out  can  be  significantly  increased  by  way  of 
involvement  in  the  Station  infrastructure  of  free-flying  serviceable  automatic  spacecrafts 
and  tethered  systems.  These  vehicles  and  means  ensure  possibility  to  put  payloads  at 
assigned  distance  from  the  Station  (and  its  autonomous  operations),  as  well  as  gained 
results  prompt  delivery  to  the  Earth. 
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Now  TSNIIMash  (in  collaboration  with  RSC  «Energia»,  KB  Photon,  Lavochkin 
Association,  Space  Research  Institute  RAS  and  others)  is  developing  project  of 
automatic  serviceable  SC  «MAKC)S-T»'  for  microgravitational  and  technological 
researches.  This  SC  can  operated  in  autonomous  manner,  and  can  maneuver  for  docking 
with  the  ISS. 

Also  seems  as  promising  the  trend  to  use  small  spacecrafts  for  different  missions,  which 
can  be  injected  from  the  ISS  board.  These  SSC  can  be  used  as  German  SSC 
«INSPECTOR»  for  observing  state  of  the  Station  modules  external  surfaces.  (It  is 
expedient  to  use  these  SSC  in  tethered  mode  with  subsequent  return  to  the  Station  and 
their  re-use.)  SSC  in  the  ISS  infrastructure  also  can  carry  out  tasks  on  electromagnetic 
monitoring  and  space  debris/dust  monitoring  in  the  Station  neighborhood.  It  is  also 
possible  to  use  the  Station  as  center  for  carrying  out  SSC  plasma  physics  missions  at 
considerable  distances  from  ISS  in  «tele-science»  mode,  as  well  as  SSC  missions  on 
study  of  Earth  upper  atmosphere.  In  these  case  such  SSC  can  be  injected  in  their 
working  orbits  with  help  of  a  space  tug.  As  the  tug  the  SC  «MAKOS»  may  be  used 
(possibly,  additionally  equipped  by  a  tethered  system). 

Possibilities  of  Tethered  Systems  Use  at  SSC  Injection  in  Working  Qrhits 

During  several  years  TSNIIMash  together  with  RSC  «Energia»,  Moscow  Aviation 
Institute,  Space  Research  Institute  RAS,  Radio-Electronics  Institute  RAS  and  NPO 
«Mashinostroeniye»  is  conducting  system  design  researches  on  possible  effective 
applications  of  tethered  systems  in  composition  of  the  Station  to  carry  out  both 
transportation  tasks  (docking,  cargo  recovery  to  Earth,  wastes  disposal)  and  scientific 
missions  -  first  of  all,  on  base  of  ElecfroDynamic  Tethered  Systems  (EDTS).On  this 
way  the  possibilities  of  EDTS  applications  for  additional  power  supply  and  Station  orbit 
corrections  are  under  consideration. 

Use  of  SC  «MAKOS»  with  electrodynamic  tethered  system  as  a  space  tug  for  SSC  in- 
orbit  injection  is  also  of  interest.  In  particular  the  most  attractive  possibility  in  this  case 
is  connected  with  utilization  of  interaction  between  the  EDTS  and  Earth  magnetic  field 
for  orbital  maneuver  on  change  of  orbital  inclination  of  the  tethered  system  (what  is 
described  in  Handbook2). 

So,  according  preliminary  estimation,  which  was  following  approach  of  works2’3,4,  to 
change  inclination  of  tethered  constellation  SC  “MAKOS”  -  EDTS  -  tethered  SSC  orbit 
by  20°  (from  5 1 .6°  to  7 1 .6°)  need  in  -41.5  days. 

Also  we’ve  carried  out  preliminary  comparative  evaluation  of  SC  “MAKOS”  main 
propulsion  unit  /  EDTS,  deployed  from  board  SC  “MAKOS”,  for  their  possible  use  at 
orbital  maneuvers.  Assume  that  value  of  e.m.f.  induced  in  current-conductive  tether, 
caused  by  its  movement  in  Earth  magnetic  field,  is  constant  and  equal  0.15  V  per  1 
meter  of  tether. 

Use  of  EDTS  in  composition  of  SC  “MAKOS”  implies  to  equip  SC  additionally  by: 

•  re-usable  reel  for  current-conductive  tether’  deployment/winding  up; 

•  tethered  container  (it  is  possible  to  attach  SSC  to  this  container)  with  block  of 
contactor  units  and  contactor’s  working  substance  capacity; 

•  block  of  contactor  units  onboard  the  SC. 
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Fig.l  and  2  depict  results  of  analysis  on  SC  “MAKOS”  orbital  maneuver  to  working 
orbits  and  backwards  either  with  help  of  main  propulsion  unit  (fig.l)  or  with  help  of 
different  lengths  EDTS  (fig.2).  Evaluating  effectiveness  of  EDTS  use,  assume  the  next 
reference  characteristics  of  SC  “MAKOS”  tethered  complex  elements  for  two  cases  of 


EDTS  tether  length  (5  km,  and  10  km): 

reel  mass  100^150  kg; 

tether  mass  160  kg;  320  kg; 

tethered  container  (with  contactors)  mass  65  kg; 

SC  “MAKOS”  onboard  contactors  mass  10  kg; 

total  supply  of  contactors  working  substance  (cesium)  20-r30  kg. 


Also  let  assume  that:  ISS  basic  orbit  (rendezvous  orbit)  is  400  km;  SC  “MAKOS”  initial 
mass  is  7,000  kg;  SC  main  propulsion  unit  is  one  of  SC  “Fobos”  (intended  for  many 
times  ignition);  fuel  (hydrazine)  mass  is  3,000  kg;  specific  thrust  -  325  s;  propulsion 
unit  mass  without  fuel  is  400  kg;  EDTS  plasma  contactors  -  electric  plasma  arc  source 
(onboard  SC  “MAKOS”)  and  hollow  cathodes  (inside  the  tethered  container),  plasma 
contactor  working  substance  -  cesium  or  argon,  output  of  working  substance  is  2.75 
mg/s  for  arc  source  and  0.3  mg/s  for  hollow  cathode;  working  current  in  EDTS  is  5 
Ampere;  magnetic  field  induction  is  2.6T0'5  Tl;  tether  type  -  «ShTSVM»;  its  specific 
electric  resistivity  is  10  Q/km;  per  km  mass  of  tether  is  32  kg/km;  system  of  tether 
automatic  deployment  and  winding  up  is  based  on  winch  of  the  project  “TROS-1” 
(RSC  “Energia”);  available  power  onboard  SC  “MAKOS”  is  2.5  kW. 

Fulfilled  estimations  reveal  high  effectiveness  of  the  EDTS  use  onboard  SC  “MAKOS”, 
that  give  a  possibility  to  save  (in  significant  extent)  fuel  at  the  SC  orbital  maneuver. 
After  the  end  of  electrodynamic  maneuver  it  is  possible:  either  to  separate  SSC  from 
tethered  container  with  simultaneous  ignition  of  SSC  jet,  or  EDTS  winding  up  and 
subsequent  deployment  non-conductive  expendable  tethered  system  (developed  by 
Moscow  Aviation  Institute)5  with  SSC  as  tethered  satellite. 

Thus,  preliminary  analysis  shows  possibility  to  achieve  high  effectiveness  in  case  of  use 
non-conductive  tethered  systems  onboard  SC  “MAKOS”  /  logistic  ferry  “Progress-M” 
(as  basic  object)  to  inject  SSC  in  “high-apogee”  orbits  from  fuel  saving  point  of  view. 
So,  for  SSC  version  on  base  of  Lavochkin  Association  -  TSNIIMash5  developments, 
fuel  saving  at  transfer  into  circular  orbit  with  height  -760  km  is  about  80-90%  (see  table 
1  and  fig.3). 

Later  such  SSC  (if  necessary  fuel  is  available  and  necessity  to  prolong  its  mission 
lifetime  exists)  can  in  principle  undertake  self  maneuver  on  rendezvous  with  the  Station, 
where  it  can  either  be  catch  by  corresponding  means  of  the  ISS  (arms,  astronauts  during 
EVA,  Orbiter  “Space  Shuttle”  and  so  on)  or  dock  with  ISS  special  port  (but  this  implies 
allocation  onboard  SSC  corresponding  docking  subsystems,  and  SSC  mass  and  sizes 
growth).  After  servicing  the  SSC  can  fly  autonomously  again. 

Possibilities  to  Use  Tethered  Systems  for  Carrying  out  Experiments  onboard  IS$ 

At  the  present  time  RSC  “Energia”(in  collaboration  with  Italian  Agency  ASI)  is 
developing  demonstration  experiment  of  tethered  transportation  system  on  base  of  ferry 
“Progress-M”.  This  experiment  success  allows  to  plan  corresponding  experiments  on 
the  Station.  Goal  of  the  experiments  is  execution  of  following  tasks:  SSC  fast  injection 
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(from  ISS  board)  in  working  orbit  without  SSC  fuel  consumption;  cargoes  fast  delivery 
from  ISS  in  assigned  Earth  regions  (so-called  “space  mail”6);  docking  with  non- 
cooperated  objects  (including  SSC)  far  their  servicing  by  EVA  after  mutual  approach  in 
account  of  tether  winding  up  to  EVA  achievable  sphere.  In  process  of  these  experiments 
carrying  out  it  is  possible  to  use  Russian  systems  for  tether  deployment  /  winding  up 
and  space  tether  «ShTSVM». 

Tether  expendable  deployers  consist  of  spool,  tether  unwinding  braking  system, 
which 


Fig.l.  Evaluation  of  SC  "MAKOS"  required  fuel  for  its  transfer  from 
ISS  rendezvous  orbit  into  assigned  working  orbit  and  for  the  SC 
subsequent  return  with  help  of  great-thrust  jet  engine. 
mPU-  mass  of  Propulsion  Unit  without  fuel;  mf  -  mass  of  consumed  fuel. 

ensure  assigned  law  of  deployment,  and  tether  cutter.  Units  for  tether  deployment  / 
winding  up  are  more  complicated.  They  include  winch,  which  implements  assigned  laws 
of  tether  deployment  /  winding  up.  Mass  of  reusable  deployers  greater  by  one  order  of 
magnitude  than  expendable  ones.  Now  in  Russia  developments  both  expendable  tether 
deployers  (Moscow  Aviation  Institute)  and  reusable  ones  (RSC  "Energia")  are  carrying 
out.  Mass  of  the  expendable  deployer  (developed  in  MAI)  is  10  kg  -  without  tether.  In 
this  case  there  is  up  to  5  km  of  tether  dia  ~3.5  mm  on  the  spool;  sizes  of  the  deployer  in 
working  mode  are  0464  mm  x  680  mm.  Power  consumption  is  in  range  from  10  W  to 
15W.  Quantity  of  control  commands  is  2.  Tether  deployment  accuracy,  provided  by  the 
deployer,  is:  librations  angle  -  not  greater  than  ±9°,  on  length  of  unreeled  tether  -  ±50  m. 
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o  10  20  30  40 

Total  duration  of  EDTS  continuous  operations  (including  in  motor  mode  at  injection  in 
working  orbit  and  at  SC  return) 


Fig.2.  Evaluation  of  possibilities  of  EDTS  use  for  SC  «MAKOS»  controlled 
maneuver  from  ISS  rendezvous  orbit  into  working  one  with  subsequent  return. 

- —  for  EDTS  with  L,  =  1 0  km 
_  for  EDTS  with  L2  =  5  km 

mL  -  total  mass  of  EDTS,  including  constant  mass  -  (winch  assembly  and  plasma 
contactors)  and  ma  ss  of  expendable  working  substance  for  contactors. 

RSC  "Energia"  unit  for  tether  deployment  /  winding  up  ensure  controlled  tether 
deployment  with  longitudinal  oscillations  damping.  In  this  case  capacity  for  tether  is  20 
km  for  case  of  diameter  3  mm;  unit's  mass  without  tether  is  -380  kg,  sizes  -  01,000  mm 
x  570  mm  (drum  and  electric  driver),  640  mm  x  570  mm  (insertion  with  outer  block  of 
the  unit,  including  pyro  cutter).  Power  consumption:  average  100-150  W,  maximum  -  up 
to  1 .5  kW.  By  present  time  samples  of  space  tether  and  conductive  cable-tether  have  been 
created  and  ground-tested  in  Russia  (so-called  tether  ShTSVM  ). 

At  the  initial  stage  of  ISS  assembly  it  is  proposed  as  urgent  the  next  trends  of  space 
tether-oriented  experiments  and  researches  (on  base  of  ferry  "Progress-M"  and  ISS  use 

as  site  for  .  . 

the  tethered  systems  integration  for  their  subsequent  autonomous  functioning  after 

"Progress-M"  separation  from  the  ISS: 

•  deployment  of  demonstration  electrodynamic  tethered  systems,  investigation  of  their 
characteristics  and  performances  (including  missions  of  tethered  small  spacecrafts) 
-  project  "Vulkan  -  MKA"  (TSNIIMash,  RSC  "Energia",  SRI  RAS,  IRE  RAS); 
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Table  1.  Main  characteristics  of  transportation  operations  in  case  of  use  non-conductive 
tethered  systems  with  tethered  SSC  (SSC  mass  is  100  kg). 


Length  of  deployed  tether,  km 

10 

20 

30 

40 

50 

Characteristic  velocity,  obtained  by  SSC  after  tether  deployment 
and  SSC  release,  m/s 

22.3 

44.6 

66.7 

88.8 

110.8 

Change  in  SSC  height  (in  apogee),  km 

70.4 

141.8 

214.1 

287.2 

361.4 

Total  required  mass  of  fuel,  kg 

2.2 

■s 

6.5 

8.5 

10.6 

Decrement  of  low  tethered  object  orbit  height  after  tether  release, 
km 

0.6 

1.2 

1.8 

■ 

3.0 

Fig.3.  Comparative  analysis  on  possibilities  of  SSC  orbit  height  increment  with  help  of 
SSC  propulsion  unit  and  with  help  of  non-conductive  tethered  system  deployment  and 
release  of  tethered  SSC. 
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•  tethered  systems  use  for  transportation  operations,  including  scientific  small 
spacecrafts  injection  in  their  working  orbits;  deployment  of  space  tethered 
constellations  with  small  SC;  "Raduga"  capsule  recovery  on  Earth  (this  involves  in 
project  TATS  -  Russian-European  project  of  tethered  system  for  transportation 
tasks). 

It  is  suggested  to  organize  later  missions,  which  can  demonstrate  feasibility  of  tethered 
system  onboard  the  International  Space  Station  (both  EDTS  and  transportation  tethered 
system). 


Conclusions 

In  the  paper  it  is  shown  advantages  of  concept  to  use  the  ISS  as  center  of  SSC 
integration,  preparations,  in-orbit  injection  and  (if  necessary)  mission  control.  These 
SSC  will  be  included  in  the  ISS  infrastructure.  In  frames  of  the  concept  it  is  suggested  to 
use  space  tethered  systems  both  for  SSC  inter-orbital  maneuvers,  and  for  tethered  sub¬ 
satellites  missions. 

SSC  can  be  used  like  German  sub-satellite  «INSPECTOR»  to  monitor  state  of  ISS 
modules  external  surfaces  (both  in  autonomous  flight  and  in  tethered  version).  SSC  in 
the  ISS  infrastructure  can  investigate  also  electromagnetic  environment  of  the  ISS 
neighborhood,  monitor  space  debris/dust  there.  It  is  possible  to  use  the  ISS  also  for 
conducting  SSC  plasma  physics  missions  in  «telescience»  mode  (at  great  distances  from 
the  ISS),  as  well  as  SSC  missions  on  in-situ  measurements  in  Earth  upper  atmosphere. 
In  these  cases  SSC  can  be  injected  in  working  orbits  with  help  of  space  tug  -  SC 
«MAKOS»/ferry  «Progress-M2»  with  (may  be)  tethered  system. 

Fulfilled  estimations  reveal  high  effectiveness  of  EDTS  use  in  composition  of  SC 
«MAKOS»,  that  gives  possibility  to  save  significantly  SC  «MAKOS»  fuel  at 
maneuvers. 

Analysis  shows  also  possibility  to  achieve  high  effectiveness  in  case  of  non-conductive 
tethered  systems  on-board  SC  «MAKOS»/ferry  «Progress»  used  for  SSC  injection  in 
orbits  with  higher  altitudes  (criterion  is  saving  of  on-board  fuel  -  so,  for  Lavochkin 
Association  -  TSNIIMash’s  version5  of  SSC  the  fuel  saving  at  transfer  into  circular 
orbit  with  height  -760  km  is  about  80-90%. 

Subsequently  such  SSC  can  in  principle  (if  there  is  necessary  fuel  reserve  and  need  in  its 
mission  prolongation)  autonomously  approach  to  the  Station,  where  it  can  be  catch  by 
corresponding  ISS  technical  means  (arms,  astronauts  on  working  pads,  Orbiter  « Space 
Shuttle»  and  so  on)  or  can  dock  to  ISS  special  port  (but  this  implies  allocation  onboard 
SSC  corresponding  docking  subsystems,  and  SSC  mass  and  sizes  growth).  After 
servicing  the  SSC  can  fly  autonomously  again. 

It  is  shown  that  Russia  has  considerable  experience  in  space  tethers  technologies, 
developed  tethered  systems  can  be  installed  both  onboard  SC  «MAKOS»-typeVferry 
«Progress-M2»  and  onboard  modules  of  the  ISS  Russian  Segment.  Steps  in  Russian 
space  tethers  demonstration  missions  have  been  proposed. 

Orbital  tethered  system  (OTS)  creation  and  its  functioning  on-board  the  ISS  may 
provide  the  ISS  Utilization  Program  by  new  possibilities,  because  it  ensures  fuel  savings 
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during  transportation  operations  with  OTS  involvement,  makes  possible  fast  delivery  on 
the  Earth  results  and  samples  obtained  on-board  ISS,  simplifies  ISS  wastes  and  trash 
removal,  gives  an  opportunity  to  generate  large  electric  power. 

Works  on  issues  of  the  paper  are  conducting  in  frames  of  the  State  Contract  #851- 
5095/96  of  06/17/1996  (Research  Work  «TROS-C-2000»)  between  Russian  Space 
Agency  and  TSNIIMash. 

References 

1.  .Lukiashchenko,  V.Borisov,  V.Semenchenko,  G.Uspensky,  K. Yolkin  «MAKOS-T»  - 
A  New  Spacecraft  for  Conducting  Experiments  in  Microgravity.  Russian  Space 
Bulletin,  The  Gordon  &  Breach  Publishing  Group,  1996,  vol.l,  No.4,  13-15. 

2.  Tethers  in  Space  Handbook,  NASA,  August  1986,  p.2-40,  4-30, 4-31. 

3.  Komarov  V.I.  Movement  of  Two  Material  Points,  Connected  by  Thread,  under 
Influence  of  Gravitational  and  Ampere  Forces,  «Kosmicheskiye  Issledovaniya» 
(Space  Researches),  1986,  vol.XXIV,  #3,  p.380-387  (in  Russian). 

4.  Beletsky  V.V.,  Levin  Ye.M.  Dynamics  of  Space  Tethered  Systems,  Moscow, 
«Nauka»,  1993  (in  Russian). 

5.  Yolkin  K.S.,  Utkin  V.F..,  Lukiashchenko  V.I.,  Borisov  V.V.,  Uspensky  G.R., 
Semenchenko  V.V.,  Garkusha  V.I.  Project  of  Tethered  Electrodynamic  Orbital 
System  (TEDOS),  Using  Ferry  «Progress-M»  and  a  Diagnostic  Small  SC  for 
Research  Main  Problems  of  TEDOS  Functioning.  Development  of  Basic  Scheme  of 
the  TEDOS  Utilization  as  an  ISS  Facility.  II  International  Symposium  of  US  and 
Russian  Scientists  and  Researchers,  Carrying  out  Studies  in  Frames  of  the  «Science- 
NASA»  Program.  November  18-22,1996,  Korolyov  Moscow  Region. 

6.  W.Ockels  -  see  in:  E.J.  van  der  Heide,  M.Kruijff  STARTRACK:  a  swinging  tether 
assisted  re-entry  for  the  International  Space  Station.  ESA\ESTEC\WZ,  Noordwijk, 
1996. 

7.  Space  Experiment  «TROS-l»  («ROPE-l»).  Explanatory  Note.  Initial  Data  on  Space 
Experiment  «TROS-2»  («ROPE-2»),  P29692-316,  book  6.  NPO  «Energia», 
Korolyov,  1993  (in  Russian). 


V.Lukiashchenko 


OcHOBHLie  HanpaBJiCHHa  pa3BHTna  chctcmm  flucTaHpHOHHoro 
KocMinecKoro  oGpasoBaHHa  (/1KO)  b  Pocchh 

B.  CemceBHH,  B.  EoroMOJioB,  3.  BHyjieBHM,  K.  IIo6eAOHoctieB,  (Pocchh) 

F.  MaH<J>pe^,  (repivraiiHH) 

141070  r.KopojieB  ,  MocKOBCKaa  oSjiacTb 
yji.  IlHOHepcKaH,  4 

B  pa6oie  paccMOTpcHM  ochobhhc  HanpaBji  chhh  h  KOHiieniiHH 
pa3BHTHH  CHCTeMM  ,Q,KO,  C03flaBaeM0M  B  POCCHHCKOM  KOCMHHCCKOM 
AreHTCTBe.  B  KanecTBe  6a30Bbix  ajieMeHTOB  Tamil  chctcmw 
paccMaTpHBaioTCH  TexHHHecKHe  cpcncTBa  LleHTpa  cnyrHHKOBOH  cbh3H  OKB 
M3H,  o6ecneliHBaK)iHHe  riepe/iaay  hcoOxozihmoh  HHtJjopMaijHH  MOKay 
paajiHHHbiMH  peraoHaMH  Pocchh,  cTpaH  CHr  h  EBpoiibi. 

B  paSoTe  npoBefleH  aHajiH3  bo3Mohchocth  Hcnojib30BaHHH 
TeXHHHeCKHX  HHC[30pMaiIHOHHbIX  CHCTCM  H  MyjIbTHMCflHHHblX  CpeflCTB 
BH3yajiH3aiiHH  npn  npeflocTaBJieHHH  o6pa30BaTejibHbix  ycjiyr  nepe3  cepBep 
PKA  O  COCTOHHHH  H  ITepCIieKTHBaX  HCn0JIb30BaHHH  TeXHOJIOrHH. 
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The  Basis  Directions  of  the  Remote  Space  Education  (RSE)  System  in 

Russia 

V.Senkevich,  V.Bogomolov,  Yanulevich  E.,  K.  Pobdonostsev, (Russia) 

Manfred  F.,  Germany 

Korolev  Moscow  Region,  Pionerskaya  str.  4 
141070  RUSSIA 

The  paper  presents  the  basic  direction  and  concepts  of  the  RSE  system 
development  which  is  being  created  by  the  Russian  Space  Agency.  As  basic 
elements  of  such  a  system  there  are  considered  technical  means  of  the  RSA  s 
Space  Flight  Control  and  technical  means  of  the  M  EI  s  Centre  of  satellite 
communication  which  support  transfer  of  necessary  information  between 
various  regions  of  Russia,  countries  of  CIS  and  Europe. 

The  paper  also  presents  analysis  of  an  opportunity  of  use  of  technical 
information  systems  and  multimedia  means  of  visualization  in  the  process  of 
granting  of  educational  services  through  an  RSA  s  server  about  concerning 
current  status  and  prospects  of  space  technologies  use. 
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Yxkmh  B.O.,  HyKbmijeHKO  B.M.,  YcneHCKMH  T.P., 

JIhcoboh  B.T.,  ApXHnoB  A.A.  (IJHHHMAIU) 

MAJTblE  KOCMHHECKHE  AnHAPATM  J\JU I  KPATKOCPO^HOrO 

nP0rH03A  3EMJIETP5ICEHHH 

OflHHM  H3  npHOpHTeTHbIX  HanpaBJieHHH  npaKTHHeCKOrO  HCIIOJIb30BaHHS[  KOCMH- 
necKHX  cpepcxB  b  XXI  BeKe  pojDKen  CTaTb  nporH03  3eMJiexpaceHHH.  AicxyajibHOCXb  h 
BaxcuocTb  peineHHfl  btoh  rjio6anbHOH  npoSjieMbi,  cxoameH  nepep  aejiOBeqecxBOM,  oae- 
BHflHbl  H  Onpe/3,eJlflK)TCH  OrpOMHbIMH  pa3pyiHHTeJIbHbIMH  nOCJie^CTBHflMH  CeHCMHHeCKHX 
Kaxacxpcxf). 

Yipep6  ot  3eMJieipxceHHH  ycyry6jiaexca  hx  BHe3anHocTbio.  OpiiaKO  npo6jieMa 
KpaTKoepoHHoro  nporH03a  3eMJiei[paceHHH  (3a  HecKOJibKo  cyTOK  hjih  qacoB  30  raaBHo- 
ro  TOJiBKa)  h  ceropHa  npopojraaex  ocxaBaxbca  o^hoh  H3  HepemeHHbix  npoSneM  co- 
BpeMeHHOH  HayKH,  TaK  xax  npHMeeeHHe  xpaflupHOHHbix  Ha3eMHbix  cpepcxB  He  ncmojia- 
eT  nojiynHTb  npHeMneMbie  pe3yjibTaTbi.  HcoSxo^hm  noncK  h  Hcnonb30BaHHe  HOBbix, 
Hexpa^HpHOHHbix  cpepcxs  h  MexopoB  nporao3HpOBaHHa. 

B  xope  Hccne^oBaHHH,  npoBepeHHbix  H,HHHMAIH  coBMecTHo  c  paaoM  HayaHO- 
HCCJieflOBaTejibCKHX  HHCTHTyTOB  PAH,  H  npeacpe  Bcero  OH<D3  h  H3MHPAH,  6bmn 
nojiyneHbi  npHHHHmiajibHbie  pe3yjibTaTbi,  CBHpexejibcxByioiHHe  o  bo3mc»khocth  cyipe- 
CTBeiiHoro  noBbimeHHa  a^eKXHBHoexH  KpaxKoepomoro  nporao3a  3eMjiexpaceHHH  c 
noMoipbio  KOCMHxecKHx  cpeflciB.  TaKOH  riporH03  ocHOBaH  Ha  aHajnree  aHOManbHbix 
(J)H3HHeCKHX  3JieKXpOMarHHXHbIX  H  nJia3MeHHbIX  aBJieHHH,  OTMexeHHblX  B  0K0JT03CMH0M 
KOCMHaecKOM  npocxpaHcxBe  HaKanyHe  cHJibHbix  3eMJiexpaceHHH  6opxoBOH  HayxHOH 
annapaTypoii  HC3  npH  npoBepeHHH  pa3JiHHHbix  kocmhhcckhx  3KcnepHMeHXOB.  K  ancny 
xaKHX  aBJieHHH  oxHocaxca: 

-  aHOMajibHbie  HH3i<oqacxoxHbie  (YHH-KHH-OHH)  3JicKxpoMarHHXHbie  H3Jiyaeiraa; 

-  B03MymeHHa  KBa3HnocxoaHHbix  3JieKxpHHecKHX  noireH; 

-  B03MymeHna  KOHpeHxpapHH  3JieicxpOHOB  h  hohob  HOHoccfjepHOH  njia3Mbi; 

-  JioKajibHbie  BapnaijHH  xeMnepaxypbi  nna3Mbi; 

-  aHOMajibHbie  reoMarHHXHbie  riyjibcapHH  Ha  xacxoxax  okojio  1  Tp; 

-  BbicbinaHHa  BbicoicoaHeprHHHbix  nacxHp. 

Ha  ocHOBe  aHann3a  aHOManbHbix  (J)H3HHecKHX  aBJieHHH  h  npepnoitaraeMbix  Mexa- 
HH3MOB  hx  B03HHKH0BeHH«  nojiyaenbi  cnepyiomHe  pe3yjibxaxbi: 


1 .  C  6ojibinoH  CTenenbio  /iocTOBepHOCTH  ycTaHOBJieHO,  hto  b  aTMOc<j)epe,  HOHoccj)e- 
pe  h  MarHHToc(J)epe  3eMjm  HaKaHyHe  3eMJieipaceHHH  B03Hracai0T  ceiicMoreHHbie  4>H3H- 
necKHe  aBJieHHa,  Ha«e)KHO  o6HapywHBaeMbie  h  peracrpapyeMbie  6oPtoboh  HaynHoii 
annapaTypoft  KA  3a  AecaTKH  MHnyr  -  nacbi  «o  rnaBHoro  Tojraca,  hto  no3BOJiaeT  pac- 
cMaTpHBaTb  HX  B  KanecTBe  Kp&TKoepoHHbix  upeABecTHHKOB  Ha«BHraiomHXca  CeHCMH’ie- 
CKHX  KaiacTpo^). 

2.  OnpefleneH  nepeneHb  ochobhmx  napaMeTpoB  oKono3eMHoro  KOCMnaecKoro  npo- 
crpaHCTBa,  noffneacaimix  oSasaTcnbHOMy  Kompomo  6optoboh  n3MepHTejibHOH  anna- 
paTypoii  KA. 

3.  Pa3pa6oTaHbi  ocHOBHbie  TpeSoBamia  k  cocTaBy  h  xapaicrepHCTHKaM  SopTOBOH 
perHCTpHpyiomeH  annapaTypw  h  cneijHajibHbie  Tpe6oBaHHa  k  KA. 

OSocHOBaHbi  npHHpHnbi  nocxpoeHHa  cneunajiH3HpoBaHHO0  kocmhhcckoh  cncTeMbi 
H  KA  MOHHTOpHHTa  npCABeCTHHKOBbIX  HBJieHHH  B  0K0JI03eMH0M  KOCMHHeCKOM  npO- 
CTpaHCTBe.  B  ee  cocTaB  aojdkhm  bxoahtb: 

-  op6HTajibHaa  rpynnnpoBKa,  BKJiiOTatomaa  KA,  pacnojio>KeHHbie  Ha  BepxHeM  h 
HHKHeM  apycax, 

-  Ha3eMHbIH  H3MepHTeJIbHbIH  KOMIlJieKC,  BKJIIOHaiOIHHH  Ha3eMHbie  nyHKTbl  CeHCMO- 
jioraaecKHX  Ha6jnoAeHHH,  npneMa  h  o6pa6oTKH  H3MepnTejibHOH  HHcJiopMaHHH, 

-  LJemp  ynpaBneHHH  noaeTOM  KA, 

-  U,eHxp  c6opa,  o6pa6oTKH  h  aHanH3a  HH^opMauHH. 

BepXHHH  CnyTHHKOBblH  flpyc  AOJDKCH  COCTOBTb  H3  TpeX  -  HeTbipeX  CnyTHHKOB,  pac- 
nono)KeHHbix  Ha  KpyroBbix  cojihchho  -  cHHXpoHHbix  opSnrax  bhcotoh  ~1000  km.  Ha 
3 tux  cnymracax  aojdkch  ocymecTBJiaTbca  ruoSajibHbiH  KOHTponb  TpexMepHoro 
(imipoTa,  AOJiroTa,  BbicoTa)  pacnpeAenemia  aneKTpoHHOH  KOnneHTpanHH  b  noHoc^epe 
C  HCn0JIb3OBaHHeM  6opTOBOrO  HQH030Hfla,  Macc  -  CneKTpOMeTpHH  HOHH3HpOBaHHOH  H 
HeHTpanbHOH  cocTaBJiaiomHx  ra3a  b  HOHOC<J)epe,  JiOKaJibHbie  n3MepeHHa  TeMnepaTypbi 
rma3Mbi,  Ha6jnoAeHHa  aTMOC^epHbix  smhcchh  H3  o6jiacTefi  EhF  HOHOc^epbi,  HK  h 
CBH  TeMnepaTypHbiH  mohhtophht  3cmhoh  noBepxnocra,  anajiH3  nuTH  -  yrnoBoro  h 
3HepreTnaecKoro  pacnpepejieHHa  noTOKOB  BbicoK03HeprHBiibix  aacran  h  npn  AOCTa- 
TOHHO  BbICOKOH  3JieKTpOMarHHTHOH  COBMeCTHM o cth  npH6opoB  -  aHaJIH3  YHH-KHH- 
OHH  H3nyneHHH.  B  KanecTBe  ajibTepHaTHBbi  BepxHeMy  apycy  bosmoxcho  Hcnonb30Ba- 
Hjie  ceTH  Ha3eMHbix  craHHHH  ripHCMa  HHcj)opMaHHH  c  KA  CHCTeMbi  raoHacc  . 

Hh>khhh  cnyTHHKOBbiH  apyc  AOJiKeH  cocroaTb  H3  6-9  nap  Maiibix  cnyraHKOB  Ha 
KpyroBbix  op6HTax  bhcotoh  -400  km  h  HaKJioHeHHeM  65-83  rpap.  KaacAaa  H3  nap 


CIiyTHHKOB  HEXO^HTCfl  B  OflHOH  FIJIOCKOCTH  Op6HTbI  C  pa3HOCXbK)  BpeMeHH  npoxojKaeHHa 
Bocxoaamero  y3na  15-30  mhh.  UnocKocxH  op6nx  nap  cnyxHHKOB  aon>KHbi  6bixb  paBHO- 
MepHO  pacnpeaeneHbi  no  aonroxe.  FlepHoaHHHOCTb  noaBnemia  KA  b  30Hax  npoaBJieHna 
npe^BecTHHKOBbix  3c^4)cktob  cocTaBHT  npn  3tom  He  6ojiee  1,5-2  nacoB.  Ha  arax  cnyx- 
HHKaX  AOJiaCHbl  OCymeCTBJIflTbCS  H3MepeHH8  YH^I-KHH-OHM  BOJIH,  KBa3HnOCXOBHHbIX 
ajieKTpHHecKHX  nojieH,  njioTHOCTH  mia3Mbi,  MaccoBoro  cocTaBa  hohhoh  h  HeHxpanbHOH 
cocTaBJiaioiHHX  nna3Mbi,  noTOKOB  BbicoKoaHeprHBHbix  qacxHii;,  axMoccjjepHbix  3mhcchh 
B  pa3JIHHHbIX  JIHHHaX  KHCJlOpOfla  H  a3()Ta  B  nOflenyTHHKOBbIX  oOnaCTHX  H  THApOKCHUb- 
HblX  3MHCCHH  npH  HaSmOfleHHaX  B  HanpaBJieHHH  JIHM6a  3eMBH. 

CoBMecTHO  c  H3MHPAH  paspaSoxaHbi  npeanonceHHa  no  KOMnneiccy  SopxoBoft 
HaynHon  annapaTypbi  ana  Ha6raoaeHHH  npe^BecTHUKOBbix  aBneHHH.  B  ero  cocTaB 
AOnJKHbl  BXOflHTb: 

1.  YH^-OHH  bojihoboh  KOMnneKC  AJia  H3MepeHHa  n  aHajiH3a  bojihobwx  H3nyne- 
hhh  b  flnana30He  qacxox  0,1  Tp  -  23  kFij. 

2.  BbicoKonacTOTHbiH  bojihoboh  KOMnneKC  jijia  H3MepeHna  cneKTpa  aneKxpoMar- 
HHTHbix  H3JiyqeHHH  b  A«ana30He  0,1  -  1 5  mFu;  h  aneKxpoHHOH  nnoxHoexH. 

3.  H3MepHxejib  aneKXpocxaxHHecKHX  nojieii  ajih  H3MepeHiia  3  KOMnoHeHX  KBa3Hno- 
cxoaHHoro  3JieKxpnqecKoro  nona. 

4.  CneKxpoMexp  aHepranHbix  nacxHH  ana  H3MepeHiia  3HeprexHnecKoro  pacnpeaene- 
HHB  H  BapHapHH  HHX6HCHBHOCXH  nOXOKOB  3JieKXpOHOB  H  HOHOB  C  3HeprHBMH  20  k3b- 
2  m3b. 

5.  OnxHnecKHH  KOMnneKC  pna  H3MepeHHa  xapaxxepHCXHK  axMoc<J)epHbix  bmhcchh. 

6.  FIjia3MeHHbiH  KOMnneKC  ana  H3MepeHHB  HOHHoro  h  HenxpanbHoro  cocxaBa, 
nnoxHoexH,  BapHapHH  nnoxHocxn  h  KOMnoHeHX  cKopocxn  apciicjja  nna3Mbi. 

7.  KOMnneKC  HOHOC^epHOH  xoMorpa^HH  ana  nocxpoeHHa  asyMepnoro  pacnpeae- 
neHHa  aneKxpoHHofi  KOHpempanHH. 

8.  CncxeMa  c6opa  h  npeaBapnxenbHOH  o6pa6oxKH  HH^opMauHH,  o6ecnenHBaK>ipaa 
c6op,  npeaBapHxenbH}xo  o6pa6oxKy  h  xpaHeHHe  HH^opMapHH  c  6opxoBbix  H3MepH- 
xenbHbix  npHGopOB,  a  xaKnce  ynpaBneHHe  paOoxoH  npnGopoB  h  nepeaany  aaHHbix  Ha 
3eMJiio. 

CyMMapHaa  Macca  6opxoBoro  Haynnoro  KOMnneKca  cocxaBnaex  53  Kr,  3Heprono- 
xpe6neHHe  -  69  bx. 

HaynHaa  annapaxypa  xpe6yex  xpexocHOH  cxa6HnH3apHH  b  opSHxanbHOH  cncxeMe 
KOopAHHax  c  xonHocxbio  ±10°,  a  npH  noBbimeHHH  ceHCMHnecKOH  bkxhbhocxh  -  no  ±1°. 


pa3BepTfcIBaHH3  H  BOCnOJIHCHHH  CHCTeMbi  H3  12  -  18  enyTHHKOB  CpOK  aKTHBHOrO 
cymecTBOBaHHH  KA  aoakch  cocTaBAaTb  He  MeHee  2  -  3  JieT. 

Ha  ocHOBe  CTaracraHecicoro  aHajiH3a  AaHHbix  no  sKcnayarapyeMbiM  h  pa3pa6aTbi- 
BaeMbiM  KA  moacho  3aKjnoHHTb,  hto  npn  yKa3aHHbix  Macce  h  3HepronoTpe6jieHHH  6op- 
toboh  qeneBOH  annapaTypbi  h  3aaaHHOM  cpoxe  aKTHBHoro  cymecTBOBaHHa  Macca  KA 
He  npeBbicHT  200  -  350  Kr.  TaKHM  o6pa30M,  KA,  BxoflamHe  b  cocTaB  HHXCHero  apyca 
CHCTeMbi  npe#ynpe3K#eHHfl  o  seMAeTpaceHHax,  othocatca  k  KJiaccy  ManoMaccoBbix  koc- 
MHHecKHx  annapaTOB  (MKA). 

0/i;hh  H3  BapnaHTOB  npoeKraoro  oOnHKa  Taxoro  MKA  npopaOoTaH  KB  “ApceHan” 
HM.  M.B.Opyrae.  OcoSchhoctamh  ero  KOHCTpyiojHH  ABnaeTca  to,  hto  KOMnoHOBKa 
cny^ceSHbix  chctcm  npoH3BOAHTca  He  b  eAHHOH  cOopxe  (nnaT^opMe),  a  b  bha6  0T/ieJib- 
hhx  MOAyneH,  flonycicaiomHX  hx  B3aMMHyio  nepeKOMnoHOBKy  h  H3MeHeHHe  mokmo- 
^ynbHbix  CBS3eH  h  napaweTpoB.  TaKofi  roaxoa,  noMHMO  oOecneneHM  yHH(|)HKaHHH 
MKA  pa3JiHHHoro  rana,  no3BonaeT  np o H3B o  ahtb  npoeicrapoBaHHe  h  H3TOTOBJieHHe 
MoayaeH  c  yneTOM  hx  HenpepbiBHOH  Mo^epHH3au;HH.  Ba30BbiH  Mo^ynb  MKA  npe^jiara- 
eTca  co3AaBaTb  b  cocTaBe  cneAyiomHX  MOAyjien: 

-  MOAyJia  CHCTeMbi  aneKTpocHaOaceHHfl  (C3C),  b  KOHcrpyKpHH  KOToporo  npea- 
ycMOTpeHa  B03MO>KHOcTb  HapamHBaHHfl  h  nepeKOMnoHOBKH  coiiHeHHbix  6aTapeH, 

-  MOAyjia  ABHraTejibHOH  ycTaHOBKH  (^Y), 

-  MOAyJM  CHCTeMbi  OpHeHTapHH  H  CTa6HAH3apHH,  KOHCTpyKHHB  KOTOpOTO  yHH(J)H- 
AHpyeTCfl  ajw  MKA  pasAHHHoro  rana, 

-  CHAOBOH  paMbl-KOHCTpyKmiH,  Ha  KOTOpOH  npOH3BOAHTCH  KOMnOHOBKa  MOAyJieH  H 
pa3Mem;eHHe  BHeuiHHX  ajieMeHTOB  h  ycTpoflcTB. 

OOiuhh  BHA  MKA  HH>KHero  apyca  b  paOoaeM  noAoxceHHH  noxasaH  Ha  pHcymce. 
BopTOBaa  HayHHaa  annapaTypa  pa3MemaeTca  b  npH6opHOM  MOAyae,  H3roTaBAHBaeMOM 
b  BHAe  HeTbipexrpaHHOH  npH3Mbi  h  ycTaHaBAHBaeMOM  coocho  c  MOAyaaMH  /3,Y  h  C3C. 
qacTb  AararacoB  pa3MemaeTca  Ha  BbraocHbix  mTaHrax.  3to  hcoOxoahmo  aaa  chhhcchhji 
ypoBHa  aneKTpoMarHHTHbix  noMex  npn  perHCTpapHH  napaMerpoB  3AeKTpoMarHHrabix 
noaefi  h  iuia3Mbi. 

OcoOeHHOCTbio  KOHCTpyKHHH  MKA  aBAaeTca  to,  hto  ero  opneHTaijHa  b  noneTe 
ocymecTBJiaeTca  c  noMombio  aapoAHHaMHHecKoro  CTa6HAH3aTopa,  ponb  KOToporo  ht- 
paioT  OTKHAHbie  naHenn  coAHeaHbix  SaTapeH.  HHAHKanpHa  yraoBoro  noAoaceHHa  MKA 
ocymecTBJiaeTca  3a  cneT  Hcnonb3 ob aHHa  HK  nocTpoHTejia  Mecraon  BepTHKajiH  h  coa- 
HeHHoro  ABTHHKa  opHeHTanHH.  HpH  HeoOxoAHMOcra  (b  caynae  noaBneHHa  npH3H3KOB 


noBbimemw  ceHCMHnecKOH  &kthbhocth)  MKA  nepexoanT  b  pe>KHM  tobhoh 
CTa6miH3aUHH.  B  3T0M  pejKHMe  TOBHOCTb  CTa6nJIH3au;HH  flOBOflHTCH  flO  +  1  . 
McnojiHHTejibHbiMH  opraHaMH  cnyxcaT  ra3opeaKTHBHbie  ABHraTeim  CTa6HHH3a- 
UHH. 

Moayjib  RY  npe^cTaBJiaeT  co6oh  aneMeHTbi  h  ycTpOHCTBa  aBHraTexibHon 
yCTaHOBKH,  CMOHTHpOBaHHbie  Ha  oSmeH  CHJIOBOH  KOHCTpyKUHH.  B  KaneCTBe 

paSonero  Tena  J\Y  HcnojibsyeTca  aByxKOMnoHeHTHoe  tofuthbo  (AT  +  H^MT). 

Moayjib  C3C  KOHCTpyKTHBHO  oGpasyeT  eaHHyio  cSopKy,  cocToamyio  H3 
npnSopHoro  6jiOKa  h  OTKHflHbix  naHeneH  cojiHenHbix  6aTapeH.  ]lpH6opHbiH 
6jiok  npencTaBJinex  co6oh  yceneHHyio  BOCbMHrpaHHyio  nHpaMnay.  IIoBepx- 
HOCTb  4-x  M3  8-h  HapyxcHbix  ceKHMH  naHenen  noKpbiTa  cj)0T03JieKTpHHecKHMH 
npeo6pa30BaTen5iMH.  noBepxHOCTb  apyrnx  4-x  naHeneS  HrpaeT  ponb  paanauH- 
OHHoro  TennooSMeHHHKa  CTP.  BHyTpeHHan  noBepxHOCTb  nHpaMHabi  o6pa30- 
BaHa  coTOBbiMH  naHejiBMH  c  TennoBbiMH  TpySaMH  h  cjiyxHT  ana  pa3MemeHna 
aKKyMyjiHTopHbix  SaTapeit,  6jiokob  annapaTypbi  peryjiMpOBaHMa  h  KOHTpojia 
C3C,  6iroKa  pacnpeaenenna  nuTanHa,  a  TaioKe  OTnejibHbix  Sjiokob  J\Y. 

IlpeaBapHTenbHbiH  npoeKTHbifl  aHajiH3  noKa3aji,  hto  Macca  paccMOTpeHHO- 
ro  BapwaHTa  MKA  CHCTeMbi  npeaynpencaeHHa  o  3eMJieTpaceHHax  cocTaBHT  290 
Kr,  cyMMapHoe  3HepronoTpe6jieHHe  6opTOBOH  annapaTypbi  -  137  bt.  JXjm  Bbi- 
BeneHna  MKA  Ha  pa6onHe  opSHTbi  MoryT  6biTb  Hcnojib30BaHbi  paKeTbi- 
HOCHTejiH  “Pokot”,  “PHKiua”,  “nPH6oH”,  o6ecnenHBaK)uiHe  3anycK  oaHOBpe- 
MeHHO  2-x  MKA. 

JIHTEPATYPA 

HccneaoBaHMe  npHHUHnoB  nocTpoeHHa  uiTaTHbix  cnenHajiH3HpoBaHHbix 
Majiora6apHTHbix  xocMHnecKMX  annapaTOB  ana  Ha6jno,n;eHHH  npeaBecTHHKOB 
3eMJieTpaceHMH  b  OKOJioaeMHOM  kocmmhcckom  npocTpancTBe.  CHCTeMHbiH  npo- 
eKT.  U,HHHMaiu,  KB  “Apcenaji”  mm.  M.B.OpyHse,  HHH3M.  1996  r. 
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HccjreaoBaHHa  rpexMepHOH  CTpyxxypbi  cojTHeuHWX  reo3(f)(|>eKTHBHLix 
o6pa30BaHHii  aBJiaeTca  oz/hum  H3  ochobhbix  HanpaB.xeHHH,  onpe/tejiaiontHx 
nepcneKTHBbi  b  (ftromce  Cojuipa.  KocMHuecxHe  oGcepBaxopHH  no3BOJiHJiH  Hccjic/toBaTb 
Cojume  b  flHana30Hax  rojiyneHHa,  He/tocxynin>ix  c  noBepxHocxn  3eMJiH.  CoBpeMeHHbie 
uccjiepoBaHHa  no3BOJiHJin  BbiaBHXb  b  axMocd^epe  CojiHi/a  MHoroo6pa3He  pexaueii  h 
aBjieHHH,  ^mnueeKaa  npnpo/ta  Koxopbix  He  Moacex  Gbixb  ycxaHOBJieHa  npn 
HaGano/jemm  c  o/tHoro  HanpaBjreHHa.  flna  BbiaBiremia  peajibHOH  (JmamiecxoH  KapxHHLi 
HeoOxoflHMti  HaSmo/teHna,  xax  MHHHMyM,  c  /tByx  HanpaBjieHHft.  IleoGxo/tHMbi 
cxepeoHaQjTiopeiiHa  CoJiHpa.  CxepeoHaojno/teHHa  b  /tByx  h  Gojiee  npocxpaHCXBeHHbix 
HanpaBjieHHax  /taiox  bo3mo>khoct&  H3yneHHa  cxojib  mnpoxoro  Kpyra  3a/taxr 
reiraoreo4>H3HKH,  hto  b  Hacxoaipee  BpeMa  oGcyac/taioxca  pa3JiHHHtie  BapnaHXbi 
xexHHuecKOH  peajiH3apHH  CHCxeMbi  cxepeocxonHuecxHx  HaGmo/temriL  b  xom  uncjie  c 
HCn0JIb30BaHHeM  MailLIX  CnyXHHKOB. 

ftua  HaOjuopeHHH  CojiHi/a  HanGojiBimiH  raxepec  npepcxaBjiaiox  cncxeMti, 
coxpaHatoniHe  cboio  reoMexpHio  HeorpammeHHO  //ojiro.  B  cbbsh  c  3xhm  b  paGoxax 
aBxopoB  paccMoxpeHbi  bo3mo>ichocxh  co3paHHa  pojiroBpeMeiiHOH  cojihcuhoh 
cxepeocxomniecKOH  oScepBaxopHH  c  pa3MemeHHeM  2-x  KA  b  xpeyrojiBHBix  xouxax 
jiHGpamm  cncxeMbi  Cojnme-3eMjia  (npoexx  «CxepeocKon  -•  2000).  L4  h  L5.  B  sxom 
cjiyuae  KA  6y/tyx  cymecTBOBaTb  HeorpaHHueHHo  /iojifo  h  HMexb  He  xpeGytoii/He 
KoppeKipiH  cxaSnnbHBie  opGnxbi.  TeaecKonw  pa3MenteHHbie  Ha  KA  Gy/tyr  npH  3xom 
HaGjno/taxb  CojiHpe  c  2-x  HanpaBJicmm,  yroji  Meac/ty  xoxopbiMH  Gy/tex  cocxaBJiaxb 
120°,  a  paccxoaime  /to  3eMJin  1  a.e.  ABxopaMH  paccMoxpeH  npoexTHbin  o6jihk  KA, 
oSecneuHBaioiuero  cxepeoHaG'jnozteHHa  CojiHi/a,  cxeMbi  Bbtse/ternra  h  onpe/jenemia 
nonoaceHHa  KA  npn  no/piexe  k  xouxaM  L p  L5,  Bonpocbi  nepe/tauH  Ha  3eM/no 
HaSmo^axejibHOH  HH^opMapnH  c  oGbcmom  /to  5  16afix/cyxKH.  IlpH  sxom  noKa3aHO,  uxo 
HecMoxpa  Ha  xexHHuecKyio  B03Moaaiocxb  pa3BepxbiBamia  b  xouxax  jmGpaijHH  KpyrraoH 
oGcepBaxopHH,  c  Maccoii  KHA  /to  750  xr,  ee  3c|)(|>exxHBHOcxb  Moacex  oxa3axbca 
He/tocxaxoHHoft  jpia  Hcc.ne/toBaHHa  Bcero  cnexxpa  aBjieHHH  b  xeueHHe  pHKJia 
cojiHeHHoii  axxHBHocTH.  B  HacToanteM  /toxjia/te  aBxopbi  paccMaxpHBaiox  bo3mo>khocxh 
cosztaHua  Hapan/HBaeMOH  MHoroMO/tyjibHOH  cncxeMbi  cxepeoHaGmo/teHHH  Co  junta, 
cocxoameft  H3  cjiyxceGHoro  Mo/tyjia  c  3anycxaeMbiMH  x  HeMy  cnertHajiH3HpoBaHHbix 
Majibrx  cnyxHHXOB  no  nporpaMMe  npOBe/teHHa  HayuHbix  HCcrte/toBaHHii  b  Teueme  1 1  - 
jiexHero  HHKJia  cojiHeuHOH  axTHBHocxn. 


Permanent  Solar  Stereoscopic  Observation  at  Working  out  the 
Project  for  the  Creation  of  a  Triangular  Libration  Points 
of  the  Sun- Earth  System 
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Investigation  into  the  three-dimensional  structure  of  solar  geoelfective 
features  is  one  of  the  main  research  areas  that  determine  the  long-term 
prospects  in  solar  physics.  Space  observatories  were  instrumental  m 
investigating  the  Sun  in  emission  ranger  not  accessible  from  the  ground. 
Recent  research  made  it  possible  to  reveal  in  the  solar  atmosphere  a  diversity 
of  details  and  phenomena  whose  physical  origin  cannot  be  ascertained 
through  observations  from  a  single  direction.  Revealing  the  actual  physical 
picture  requires  observations  made  from  no  fewer  than  two  directions.  Stereo- 
obseivations  of  the  Sun  are  needed.  Stereo-observations  in  two  or  more 
spatial  directions  provide  a  means  to  study  such  an  extensive  range  of 
problems  in  heliogeophysics  that  discussion  continues  concerning  different 
versions'  of  technical  implementation  of  stereoscopic  observation  systems, 

including  those  using  small  satellites. 

In  the  context  of  solar  observations,  of  the  greatest  interest  are  systems 
capable  of  retaining  their  geometry  indefinitely  long.  In  this  connection, 
these  authors  in  their  publications  explored  the  possibility  of  creating  a 
permanent  solar  stereoscopic  observatory  by  placing  two  spacecraft  at 
triangular  libration  points  of  the  Sun- Earth  system  (  Stereoscope- 2000 
project).  In  this  case  the  spacecraft  will  have  an  indefinitely  long  lifetime, 
with  stable  orbits  which  do  not  need  any  correction.  The  spacecraft-borne 
telescopes  will  in  this  case  observe  the  Sun  from  two  directions,  with  the 
angle  between  them  making  up  120  degrees,  and  the  distance  to  the  Earth  of 
1  AU.  These  authors  have  considered  the  spacecraft  design  configuration  to 
ensure  stereo- observations  of  the  Sun,  the  systems  for  placing  the  spacecraft 
in  orbit  and  determining  their  position  as  they  approach  the  points  L4  and 
L5,  as  well  as  the  issues  of  transmitting  to  the  ground  observational  data  at 
the  rate-  of  up  to  5  Gbytes/day.  Further,  it  was  shown  that  notwithstanding 
the  fact  that  it  is  technically  feasible  to  deploy  at  the  libration  points  a  large 
observatory,  with  the  spacecraft  mass  of  up  to  750  kg,  its  effectiveness  would 
be  insufficient  for  investigating  the  entire  spectrum  of  phenomena  over  a 
cycle  of  solar  activity.  In  this  paper,  we  explore  the  possibilities  of  creating  an 
extendable  multimodular  system  for  stereo-observations  of  the  Sun,  consisting 
of  a  service  module  with  special-purpose  small  satellites  launched  to  it  within 
a  research  program  during  an  11  -year  cycle  of  solar  activity. 


V.  Grigoryev 
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PefoepaT 

Majibiil  kocmhhcckhh  annapaT  (MKA)  mhcchh  «HHTeprejiHoc» 
npeAHa3HaHaercH  jjjm  nccjieflOBaHH.3  BHyTpeHHeH  rejiHoc<J)epbi  h  CojiHpa  c  6jih3khx 
paccTOMHHH.  JJ/ia  c6jih5kchhhh  c  CojiHpeM  (nepHrejiHH  okojio  20  Rs)  npeAnojiaraerca 
Hcnojib30BaTb  MHoroKpaTHbie  rpaBHTauHOHHbie  MaHeBpw  y  BeHepw  b  coneraHUH  c 
ajieKTpopeaKTHBHMM  AiwraTejieM  MajiOH  Tarn,  KOTopbie  o6ecneHHBaioT  nocTeneHHoe 
noHH^ceHHe  nepurejiHK,  no3BOJiHFOT  peanrooBaTb  pe*:nM  CHHxpoHHoro  BpaipeHHa 
KOCMHnecKoro  annapaTa  h  Comma  (KopoTamta)  Ha  npoTSDKeHHH  flocraTOHHO 
AJiHTejibHoro  HHTepBajia  BpeMeHM,  a  Taiofce,  no3BOJiaiOT  ocymecTBjiaTb  nepnoAHHecKHe 
c6jiHKeHHH  c  MepRypneM.  PaccMaTpuBaeTca  TaioKe  B03M0>KH0CTb  nocjTeAyfomero 
HaioioHa  op6nTbi  MKA  k  iuiockocth  3kjihitthkh  ajw  BbinojiHeHHH  nporpaMMbi 
HCCJieflOBaHHH  Ha/J  ITOJIfipHblMH  oOjiaCTHMH  COJIHpa, 

B  cocraB  nojie3HOH  Harpy3KH  o6iahm  bccom  He  Sojiee  60  Kr  bxoaht  npn6opbi 
AHCTaHUHOHHOrO  HaSjHOfleHHB  CojIHUa  (onTHHeCKHH,  peHTreHOBCKHH  H 
yjibTpa4)HOJieTOBbiH  TejiecKonbi,  KoponorpacJj),  a  TaK>Ke  KOMnneKC  ajih  rejiHoc^epHbix 
HCCJieaoBaHHH  (aHajiH3aTopbi  nacTHp  cojiHenHoro  BeTpa  h  njia3Mbi,  MarHHTOMerp, 
AereKTopw  3Heprn4Hbix  hbcthh,  HefirpoHOB  h  nbuiH,  paAHocneicrpoMeTp). 

MKA  SyaeT  cna6>KeH  Teiui03aiHHTHbiM  3Kpanorvi  h  cneimajibHO 
CKOHCTpyHpOBaHHbIMH  COJTHeHHbIMW  6aTapeHMH. 


BBeneHne 


Mhccha  «HHTepr ejmoc»  abaactca  HanSojiee  HHTepecHbiM  H3  paccMaTpHBaeMbix 
b  HacTOflinee  BpeMA  KOCMHHecxHX  npoeicroB  no  nccjiCAOBanmo  BHyTpeHHen  coahchhoh 
cncTeMbi  (BKjuoHaa  CoAHne,  MeAoiAaHerHyio  cpe^y  h  nuaHeiy  MepxypHH).  npoexT 
pa3pa6aTbiBaeTca  b  paMxax  nporpaMMbi  <|)yHAaMeHaAbHbix  xocmhhccxhx  HCCAeAOBaHHH 
Pocchhckoh  axaflCMHH  Hayx  noA  sthaoh  Pocchhcxoto  xocMUHecxoro  areHTCTBa. 
EBponeficKHe  HHCTHTyTbi,  HMeioiAHe  zyiHTejibHbiii  onbiT  xocmhhccxhx  HccneAOBaHHH  b 
oSjiacTH  (J)h3hkh  CoAHna,  MeAcnAaHerHOH  cpeAbi  h  njianeT,  Taxxce  npeAnoAaraioT 
npHHBTb  HenocpeflCTBeHnoe  ynacTHe  b  npoeicre  nofl  arn^on  EBponencxoro 
KOCMKHecKoro  areHTCTBa . 

3aflana  «HHTeprejmoca»  —  noAOHTH  xax  mo>kho  6jiH>Ke  k  Cojmuy  b  Tonxe,  r^e 
annapaT  6yAer  BpeMeHHO  HaxoAHTbCA  Ha  XBa3H-xopoTauHOHHOH  op6nTe  (T.e.  ao  30 
coAHeHHbix  paAHycciB  hah  MeHbuie).  ITpeAbWyiHHH  annapaT  «renHOC»,  xoTOpbin 
noflomeji  k  CoAHny  Ha  paccTOAHHe  oxoao  63  coAHenHbix  paAHycoB,  no^BOAHA 
06'bACHHHTb  MHorae  oco6eHHOcro  Ha6AK>AaeMbie  bo  BHyrpeHHeH  reAnoccpepe  h 
MeAcnAanerHOH  cpe^e,  h  b  nacTHOCTH,  —  b  coahchhom  Berpe.  Paa  HeoQbiHHbix 
ABAeHHH  Ha6AK)AaAC.«  npH  npoxo>KAeHHH  nepHreAHA,  Taxne  xax,  HanpHMep,  3aMerHoe 
naAeHHe  nAOTHOCTH  nAa3MbI  (B03MQACH0,  CBA3aHHOe  C  OHeHb  npOTAACeHHbIMH 
KOpOHaAbHbIMH  CTpHMepaMH)  H  3nH30AHHeCXH  perHCTpHpyeMblH  A03ByKOBOH  nOTOK. 
Kax  noKa3biBaeT  onbiT  nocAeAHHX  Ha6AK)AeHHH  Ha  xopoHorpa<|)e  SOHO,  3th  abachha 
AOAACHbl  3HaHHTeAbHO  HaiAe  BCTpenaTbCA  Ha  paCCTOAHHAX  OKOAO  30Rs.  Kpowe  Toro, 
6AaroAapA  HaxAOHy  noAca  KopoHaAbHbix  CTpHMepoB  ot  haockocth  skahhthkh, 
«reAHOc»  Mor  ocymecTBAATb  peryAApHbie  HaoAiOAeiiHA  BbicoxocxopocTHoro 
coAHenHoro  Berpa. 

«HHTepFeAHOC»  n03B0AHT  ACT^AbHO  HCCAeAOBaTb  3TH  npOTAACeHHbie 
KopoHaAbHbie  crpHMepbi,  a  Taxace  CBA3aHHoe  c  noACOM  CTpHMepoB  ycxopeHHe 
MeAAeHHoro  coAHenHoro  Berpa.  EoAee  Toro,  MHoroxpaTHoe  npoxoxcAeHHe  nepe3 
o6AacTb  6bicTporo  coAHenHoro  BeTpa  no3BOAHT  HCCAeAOBaTb  npo6AeMy  ero 
ycxopeHHA.  nepnoAbi  XBa3H-xopoTapHH  B6AH3H  nepHreAHA  npoAOAACHTeAbHOCTbw 
HecxoAbxo  AHen  no3BOAAT  H3ynaTb  BcnbimxH,  BbiSpocbi  h  Apyrne  abachha  coahchhoh 
axTHBHOCTH  Ha  xoHxpeTHoii  reAHOAOAroTe,  H36eraa  taxhm  o6pa30M  CMemeHHA 
BpeMeHHbIX  H  npOCTpaHCTBeHHbIX  BapHamHH,  XOTOpOe  3ATpyAHAAO  npAMbie  HaSAIOAGHHA 
B  npOUIAOM. 

CymecTByioT  h  Apyrne  npeHMymecTBa,  CBA3aHHbie  c  oxoAOCOAHenHbiMH 
H3MepeHHAMH,  HanpHMep,  BOSMOACHOCTb  CTepeOCKOnHHeCKHX  Ha6AfOAeHHH  COAHeHHOH 
KOpOHbl  (napaAAeAbHO  C  Ha6AK)AeHHAMH  C  3eMHOH  OpSHTbl),  a  Taxxce  B03M0>KH0CTb 
Ha6AK>AaTb  c  oneHb  BbicoxHM  pa3pemeHHeM  cj)OTOC(j)epHoe  MarHHTHoe  noae  h  EUV 
crrpyxTypbi  b  nepexoAHoil  oGaacth  h  xpoMoccJjepHOH  ceTxe  h  axroBHyio  xopoHy  b 
MArxoM  peHTreHOBCK^OM  H3AyneHHH.  Bee  3to  moacho  AOAarb  c  noMombio  Manbix 
HHCTpyMeHTOB,  He  TpeQyioiAHx  aaa  aocthacchha  Bbicoxoro  pa3peuieHHA  hh  SoAbinoro 
3epxaAa,  hh  HHTep^epoMerpHH  hah  xaxnx-AH6o  Apyrux  CAOACHbix  TexHHHecxnx 
cpeACTB.  (Qaa  «HHTepFeAHOca»  3Ta  3aAana  o6AerHaeTCA  6AH30CTbio  x  CoAHuy: 
paccTOAHne  xocMHHecxoro  annapaTa  ot  CoAHna  b  nepnreAHH  cocTaBAAer  Bcero  OAHy 
ceAbMyK)  a.e.  Ha  stom  paccTOAHHH  yrAOBoe  pa3peuieHHe,  paBHoe  1  cex.  Ayrn  Ha  1  a.e., 


cooTBercxByeT  Bcero  100  km  Ha  Cojinue.  TaKHM  o6pa30M,  aa«  aocthacchha  Bbicoxoro 
npocTpancTBCHHOro  pa3peuieHRH  npn  AHCTaHijHOHHbix  HaGjiiOflCHMHx  CojiHpa  c  KA 
«HHTeprejiHoc»  AOCTaTOHHbi  HeSojibuiHe  TeaecKonbi,  rejiHOC(J)epHbie  xce  npnGopbi 
Taxxce  jierKOBecHbi,  h  hmchho  sto  no3BOJiaeT  yAOBAeTBOpHTb  ocHOBHbie  TpeSoBaHwa  k 
Ha6jno«eHHflM  c  Hcnojib30BaHweM  Majioro  KOCMHnecKoro  annapaTa. 

BaacHbiM  npeHMymecTBOM  «HHTeprenHOca»  ABJiaeTca  Taxxce  BbinojiHeHHe 
pa3HOn03HpHOHHbIX  AHCTaHIJHOHHblX  Ha6jHOfleHHH  COAHlja  H  JIOKajIbHbIX  H3MepeHHH 
b6jih3h  CojiHpa.  KA  «HHTepF e/iHOC»  6y^eT  BpaipaTbca  Boxpyr  CojiHpa  Ha  paGoneH 
op6HTe  npHMepHO  b  TpH  pa3a  GbiCTpee  3eMAH  h  noaTOMy  Gyfler  3aHHMaTb  pa3Hbie 
nojio>KeHHa  no  otholuchhio  k  jthhhh  CojiHue-3eMjiH,  6yaer  MHoroKpaTHO  nepecexaTb 
3Ty  jihhhk)  h  pacnoAoraTbca  no3aAH  CojiHpa.  Bee  3to  no3BOJiHT  HMerb  nepHOAM 
nepeKpbiTHH  noneS  3peHHA  Ha  Cojihuc  c  KA  h  c  3cmah  h  TeM  caMbiM  BbinonHHTb 
coBMecTHO  c  0K0ji03eMHbiMH  KA  cTepeoHaOAioAeHHfl  noBepxHOCTH  CojiHua  h  ero 
KOpOHbi,  HaSjnoAaTb  npn  pacnonoxceHHH  KA  cGoxy  ot  jihhhh  Cojmue-3eMjia 
pacnpocipaHBioinHeca  b  HanpaBjieHHH  SeMjiH  BbiGpocw  h  B03MymeHHx,  BbinonHHTb  npn 
nepeceneHHH  KA  jihhhh  Cojmije-3eMjifl  AOKajibHyio  AHarHOCTHKy  sthx  HBjieHHH  Ha 
AOCTaTOHHOM  ynajieHHH  ot  3eMJiH,  o6ecneHHBaioineM  3a6AaroBpeMeHHbiH  nporH03  hx 
B03M05KHbIX  reO(|)H3HHeCKHX  lipOJIBJieHHH  -  MaTHHTHblX  6ypb  H  T.A.,  ocymecTBHTb 
MHoroKpaTHoe  paAHonpocBeHHBaHne  coahchhoh  KopoHbi  npn  pacnojioxceHHH  KA 
no3aaH  Comma,  HaGjnoflaxb  neBHAHMyio  c  3cmjih  cTopony  CojiHpa  h  oGecneHHBaTb 
HHcJjopMapHio  o  coctohhhh  aKTHBHOCTH  Ha  3toh  cTopoHe  nepeA  BbixoAOM  ee  Ha 
o6paujeHHyio  k  3eMJie  cTopoHy. 

IlonyTHbiM  oQbeKTOM  HCCiie/ioBaHHa  mojkct  6biTb  MepKypHH,  nepHOfl  opSnTbi 
KOTOporo  npn  onpeAeneHHbix  ycAOBHax  OKa3biBaerca  coH3MepnM  c  nepnoAOM 
ABHxceHHH  KA  Ha  op6HTe.  CymecTByeT  eme  mho>kcctbo  neacHbix  BonpocoB, 
CBH3aHHbix  c  H3yneHHeM  Tex  o6nacTeH  njiaHeTbi,  KOTopbie  He  bhahm  6uah  c 
«MapHHepa-10»,  c  noHCKaMH  boahoto  jibfla  b  rjiyGoKHX  nojiapHbix  xpaxepax  (o 
cymecTBOBaHHH  Koroporo  cBHAerejibCTByioT  naHHbie  panapHbix  HaSjiioAeHHH  b 
ApecnGo)  h  H3yneHHeM  aKTHBHOH  MarHHTOC(})epbi. 

fljra  oGecneHeHHH  Bcex  sthx  H3MepeHHH  npeAnojiaraerca  pa3pa6oTaTb  KOMnaexc 
HayHHOH  annapaTypbi  c  He6oAbuiHM  BecoM  (He  Gojiee  60  kt),  xota  npH  stom  npHAeTCa 
npHAOxcHTb  AonojtHHTejibHbie  ycHAna  AJia  co3AaHHa  6oAee  nerKHX  HHTerpnpOBaHHbix 
npnGopHbix  KOMnneKCOB  c  ncnojibsoBaHHeM  coBMecTHbix  3AeMeHTOB  aha  hh^poboh 
oGpaGoTKH  ABHHbix  h  3AeiKTpOHHKH.  3Ta  3aAaHa  HHTepecHa  h  caMa  no  ce6e  c  tohkh 
3peHHfl  pa3BHTHH  HOBbIX  TeXHOAOFHH  ffJIX  GyAyiAHX  GOACe  AemeBblX  KOCMHHeCKHX 

3KcnepHMeHT0B.  Eme  6onee  HHTepecHa  B03M0xcH0CTb  Hcnonb30BaTb  b  npoeiere 
«HHTeprejiHoc»  TexHOAornio,  ocHOBanHyio  Ha  npHHijHne  Manon  tath,  b  pa3pa6oTKe 
KOTOpOH  POCCHA  3aHHMaeT  AHAHpyiOIAHe  n03HHHH  B  MHpe,  H  TaKHM  o6pa30M 
oSecne’iHTb  noAACpxcKy  h  najibHewmee  pa3BHTHe  stoto  HanpaBAeHHA .  Ecah  Poccha  He 
cyMeeT  caMa  onpoGosarb  h  ncnoAb30BaTb  HOByio  TexHonornio,  ecTb  BepoATHOCTb,  hto 
HHHpHaTHBa  GyAeT  nepexBaneHa  ApyrnMH  kocmhhcckhmh  areHTCTBaMH. 

«HHTepreAHOC»  GyAeT  BbmaBaTb  peaynbTaTbi  HaGAioAeHHH  h  H3MepeHHii  H3 
oGaacTH  HCCACAOBainm  nonTH  hcmcaachho  h  b  TeneHHe  Bcero  nepHOAa  xch3hh  Ha 
opoH're.  Oh  yAOBAerBOpaer  MHoroHHCACHHbiM  TpeGoBaHHAM  AJiHTeAbHbix 
OKOAOCOAHeHHbIX  Ha6AK)AeHHH  MeXCnABHeTHOH  CpeAbI,  HaGAIOAeHHH  COAHna  c 


BbicoKHM  pa3pemeHHeM,  crepeocKonHaecKHX  Ha6xK>AeKHH  KopoHbi  (HMeromHX 
ocoSeHHO  BaxcHoe  3naHCHHx  jxnn  rayneHHa  «kocmhh6Ckoh  noroAbi»),  a  Taicxce 
oGecneHHBaer  B03M0xcH0CTb  HaSAFOACHHH  MepKypna,  KOTopaa  Aaxce  He 
paccMaTpHBaeTca  ApyrHMH  kocmhh6ckhmh  areHTCTBaMH. 

HavHHbie  3anaHH  mhcchh 

CojiHenHaa  xopoHa  h  cojiHeHHbifi  BeTep  b6jih3h  Cojmua  ocTaiOTca  nocxeAHHMH 
o6aacTaMH  Coahchhoh  chctcmm,  He  HCCAeAOBaHHbiMH  c  noMombio  npaMbix 
H3MepeHHH.  KocMHHecxHH  npoeKT  «HHTepr ejiHOC»  npH3BaH  sanojiHHTb  3th  npoSeabi  b 
HCCJieAOBaHHH  BHyTpeHHHX  o6jiaCT6H  CoJIHeHHOH  CHCTeMbi,  T.e.  COAHpa,  H 
reAHoccjiepbi,  c  peAbio  jiyauiero  noHHMaHna  MarHHTHOH  aKTHBHOCTH  coahchhoh 
aTMOC(J)epbi  h  conyrcTByromero  HarpeBa  KopoHbi,  reHepannn  h  ycKopeHHa  coahchhoto 
Berpa  h  coAHeHHbix  3HeprHHHbix  Hacrap,  nxa3MeHHOH,  ra30B0H  h  nbmeBOH  o6oaohkh 
Boxpyr  CojiHpa. 

CojiHenHbiH  BeTep  o6TeicaeT  bcio  CoxHenHyio  CHCTeMy  h  KOHTpoAHpyer 
MexcnaaneTHoe  npocTpaHCTBO  Bnaorb  ao  reAHonay3bi  Ha  paccToaHHH  okojio  100  a.e. 
3Be3AHbiH  BeTep,  KopoHbi  h  naaHeTapHbie  CHCTeMbi  cymecTBytOT  bo  BceaeHHOH 
IIOBCeMeCTHO,  OAHaKO,  TOAbKO  B  CoAHeHHOH  CHCTeMe  B03M0XCHbI  HX  AeTaAbHbie 
npaMbie  H3MepeHna.  IIpoeKT  «HHTepFeAHOC»  co3AaH  axa  MHoroKpaTHbix  cSahjkchhh  c 
CoAHHeM  Ha  opOmrax  b  haockocth  skahitthkh  c  paccToaHHeM  b  nepnreAHH  okoao 
30Rs. 

MeAAeHHbiii  cOAHenHbiH  BeTep,  HCTexaiomHH  H3  noaca  hh3kouihpothoto 
3KBaTopHanbHoro  CTpHMepa  Boxpyr  Coahua,  acho  bhach  Ha  H3o6paxceHnax, 
noAyneHHbix  c  noMombio  KopoHorpatfia  Ha  SOHO.  TIo  cBoen  npnpoAe  oh  oneHb 
H3MCHHHB  H  HeyCTOHHHB  H  HOSTOMy  AAA  eTO  HaGAIOACHHA  H  H3yHeHHA  HeoGxOAHMO 
npaMoe  30HAHp0BanHe  b6ahsh  HCTOHHHKa  Ha  3aA&HHOH  reAHorpa(j)HHecKOH  AoaroTe, 
KOTOpOe  n03B0AHA0  6bl  OAH03HaHHO  p33ACAHTb  BpeMeHHbie  H  npOCTpaHCTBeHHbie 
BapHapHH.  npoeKT  «HHTepreAHOC»  cocpeAOTOHHTca  na  HaSAiOACHHH  noTOKOB 
MeAAeHHOrO  COAHeHHOTO  BeTpa  H  COAHeHHbIX  B03MymeHHH,  CBA3aHHbIX  C  MarHHTHOH 
coahchhoh  aKTHBHOCTbK),  BcnbiuiKaMH,  neTAaMM  h  apyriTHBHbiMH  npoTySepaHijaMH. 
BnepBbie  6yAyT  ocymecTBaenbi  Ha6xK>AeHHa  bpcmchhok  3boak»uhh  h 
IlpOCTpaHCTBeHHOH  CTpyKTypbl  3THX  ABXeHHH  B  OCHOBaHHH  KOpOHbl  C  OHeHb  BbICOKHM 

npocTpaHCTBeHHbiM  (<100  km)  h  BpeMeHHbiM  (<1  cex)  pajpeuieHHeM  c  KOCMHHecKoro 
annapaTa,  HaxoAaiAeroca  Ha  op6HTe,  6ah3koh  k  renHOCHHxpoHHOH.  «HHTepreAHOC» 
6yACT  Taicxce  ocymecTBAATb  peryAapHbie  naOxiOAeHHx  6wcTporo  coAHeHHoro  BeTpa, 
noABAAFomeroca,  KorAa  noAapHbie  KopoHanbHbie  Atipbi  BbrrarHBaiOTCA,  AOCTHraa 
3KBATopHaAbHbix  o6nacTeH. 


HavHHbiH  KOMnnexc 

AOCTHXceHHA  noeTaBAeHHbix  ueAen  no  Ha6jnoAeHHio  coahchhoh  h 
OKOAOCOAHeHHOH  nAa3Mbi  «HHTepFeAHOC»  AOAXceH  6yA,eT  ocymecTBAATb  npaMbie 
H3MepeHHA  HH3KO-  H  BblCOKOCKOpOCTHOrO  COAHCHHOrO  BeTpa,  AHCTaHUHOHHbie 
H3MepeHHA  COAHCHHOH  nAa3MbI  B  OCHOBaHHH  KOpOHbl,  b  BepxHefi  xpoMOc^epe  H 


cyneprpaHyjwijHOHHOH  cerice,  oxBaxbmaa  tbkhm  o6pa30M  Anana30H 
rejiHoi^eHTpuHecKHx  paccxoaHHH  ox  Acuien  Rs  npHMepHo  ao  35Rs  h  6ojiee. 

HayMHbiH  KOMruieKC  «HHrepre;iHoca»  6yAex  o6ecnenHXb  coHCxaHHe  perajibubix 
npaMbIX  Ha6jIK)AeHMH  C  HaOjUOAeHHMMM  MaPHHXHOH  aKXHBHOCXH  Ha  h  b6jih3h 
cojiHenHOH  noBepxHOCTH.  CpaBHHxejibHO  AJMHHaa  ^a3a  KopoxapHH  KA  c  CojiHyeM 
no3BOJiHT  ocymecxBjiaTb  xa.KHe  HaGjnoAeHHa,  a  xaioxe  Becxn  HenpepbiBHbie  HaGjnoAeHHa 
aKTHBHbIX  oSjiaCTeH  H  HX  AHHBMHKH  H  3BOJHOIJHH  B  COJIHeHMOH  aXMOC(J)epe  H  H3MepHTb 
hx  MexcnjiaHexHbie  3<Jxj)eKxbi.  /fyia  BbinonHeHHA  CBoefi  3aAanH  «HHxeprejiHOC»  6yAex 
Hcnojib30BaTb  npH6c»pbi  am  AHCxannHOHHbix  h  npaMbix  H3MepeHHH,  no3BonaioiAHe 
noAynaxb  xap aicrep h cth kh  H3AyneHHa  h  njia3Mbi  b  okobocojihchhom  h  npocTpaHCTBe. 
HayHHbra  KOMruieKC  KA  paccHHTan  Ha  ycTaHOBKy  cjieAyi-omHx  HHcrpyMeHTajibHbrx 
Sjiokob: 

•  IIpaMbie  H3MepeHna  b  MexcnjiaHexHOM  npocTpaHCTBe: 

OyHKpHH  pacnpeACJieHHa  TenjiOBbix  h  BHepruHHbix  nacTHm,  MarHHTHoe  none, 
MarHHTorHApoAHHEMHHecKHe  h  njiaaMeHHbie  bojihbi,  nbuib,  HenxpoHbi  h  raMMa — 
H3JiyHeHHe,  paAHOBOJiHbi  b  OKOJiocojmeHHOH  reaHOC(J)epe. 

•  ^HCTaHpHOHHbie  n3MepeHHa  CojiHpa: 

IIojiyHeHHe  H3o6paaceHHH  c  bhcokhm  pa3pemeHHeM  h  cneKTpocKonHa  cojihchhoh 
aTMOC(jpepbI  H  KOpOHbl,  B  HaCTIIOCTH,  B  H36paHHbIX  AHana30HaX  AJIHH  bojih  ot 
onTHHecKoro  ao  KpaHHero  yjibTpacj)HOJieTOBoro  h  peHTreHOBCKoro  H3JiyneHHa. 

B  KanecTBe  ochobbi  am  KOMnnexca  naynnoH  annapaTypbi  «HHxeprejiHOca» 
moxcho  B3aTb  pa3pa6oTKH,  Hcnojib30BaBuiHeca  Ha  KA  «renHoc»,  «Ulysses», 
KOPOHAC,  Yohkoh,  SOHO,  AonojiHHB  hx  o6opyAOBaHHeM  am  a h cxan ijhohho  ro 
30HAHp0BaHHH  COAHIja  H  npaMbIX  H3MepeHHH  HaCTHU  H  HOAeH  C  OKOAOCOAHeHHOH 
chhxpohhoh  op6nxbi.  Pa3yMeeTca,  OKOHnaTejibHbiH  npoeKT  HayHHoro  KOMruieKca 
AOAaceH  cTaTb  hoboh  TexHOAoranecKOH  pa3pa6oTKOH,  oxBenaioiAeH  o6iahm 
xpeSoBaHHeM  MaAoro  Beca  h  KOMnneKCHoro  KOMnaKXHoro  AH3aHHa.  Oh  aojokch 
ueaeHanpaBAeHHO  o6ecnenHBaxb  pemeHne  ochobhhx  HaynHbix  3aAan, 
npeAycMaxpHBaxb  B03MoacHocxb  HaKonjieHHa  AaHHbix  b  cacaxoM  BHAe  Ha  6opxy  KA  h 
yAOBjiexBopaxb  xpe6oBaHHio  yMepeHHOH  CKopocxn  hx  nepeAanH  Ha  3eMjno. 

nepeneHb  npnSopoB  am  reaKOC(j)epHbix  h  coAHenHbix  HCCjieAOBaHHH  npHBeAeH 
b  xaSjinnax  1  h  2  (yKa3aHbi  Macca  M,  o6x>eM  V,  3Hepronoxpe6neHHe  W  h  CKopocxb 
xeaeMexpHH  npnSopoB), 


KoHuemiHa  KQCMHHecKoro  annapaxa 

B  KanecxBe  6a30B0H  naax^opMbi  am  KA  «HHxepreAHOC»  paccMOxpeHa 
B03MoxcH0cxb  HcnoAb30BaHHa  op6HxajibHoro  MOAyJia,  pa3pa6oxaHHoro  b  HnO  hm. 
C.  A.  JIaBOHKHHa  am  nepcneKXHBHbix  HCcaeAOBaHHH  JlyHbi  h  Mapca. 

3X0X  MOAyAb  yKOMnjieKXOBaH  BCeMH  CHCXCMEMH,  Heo6xOAHMbIMH  am 

oGecneneHHa  noAexa  k  nAanexaM  Coahchhoh  cncxeMbi  h  no  cbohm  napaMexpaM  6ah30k 
k  xpe6oBaHHaM,  npeAMBnaeMbiM  k  KA  «HHxeprennoc».  C  ero  noMombio  Moryx  6bixb 


yaoBJieTBopeHbi  ochqbhmc  Tpe6oBaHH3  co  CToponbi  ycjiOBHH  npoBefleHUfl  HayMHbix 

3KcnepHMeHTOB : 

•  oOecneneHne  HaflexcHoro  (JiyHKHHOHHpOBaHHB  HaynHbix  h  cjiyxceOHbix  chctcm  KA  b 
ycjiOBHflx  noBbiuieHHoro  TenjiOBoro  m  pa^HauHOHHoro  BOBflefiCTBHB  b6jih3h 
CojiHpa; 

•  noAAepxcaHHe  nocTOBHHOK  xpexocHOH  opneHTaHHH  Ha  ConHpe  c  Hcnojib30BaHneM 
onopHbK  3Be3fl; 

•  oSecneneHHe  pacnojioxceHHX  HaynHOH  annapaTypbi  b  cootbctctbuh  c  Tpe6oBaHH«MH 
no  opneHTauHH  ee  BK3HpHbix  ocefi  h  nojiew  o630pa; 

•  oOecneneHne  ajieKTponHTanHa  HaynHofi  annapaTypbi  b  MOHHTopHHroBOM  pexcnMe  h 
b  ceaHcax  HaynHbix  H3MepeHHn; 

•  ooecneneHHe  nepeflann  Ha  3eMJiK>  naynHOH  HH<|)opMaunH  b  ceaHcax  cbh3h. 

OSiiihh  bha  KA  «HHTeprejiHOC»  c  pa3MemeHHbiM  Ha  HeM  komojickcom  HaynHOH 

annapaTypbi  noKa3aH  Ha  pnc.  1 .  MaccoBaa  CBOAxa  KA  flaHa  b  TaS-impe  3 


Ta6jiHua  1.  IIpHSopbi  am  rejiHOC^epHbix  HCcneAOBaHHH. 


Ha3BaHne  npn6opa 

Ha3HaneHHe 

CneuH(J)HKaHHJT 

M 

xr 

V 

CM  3 

W 

Bt 

T 

k6t/ 

cex 

HOHbi:(0-30)  ksb/Q 
3JieKTpOHbi:  (0-10)  K3B 

3 

20 3 

H 

5 

AHajiH3aTop  nacTHU 
COAHeHHOrO  Berpa 

H3MepeHHH  HOHOB 

H  3JieKT'pOHOB 

AHajiH3aTop 
IUia3MeHHbIX  BOJIH 

njia3MeHHbie 

BOJIHbl 

pV/m  -  V/m 
nT-  pT 

3 

20 3 

3 

10 

MarHHTOMerp 

nOCTOHHHOe 

0.1  n  T  -  pT 

1 

103 

1 

1 

MarHHTHoe  nojie 

HOHbl  H 

2 

15  3 

3 

3 

^ereicrop  nacTHp 

3HeprHHHbie 

nacTHUbi 

sjteKTpoHbi: 

10  K3B  —  10  M3B 

^ereicrop 

nbuiH 

MexcnnaHeTHbie 

qacTHpbi 

nbuieBbie  nacTHUbi 

10  ”16  -  10  _6  r 

1 

103 

1 

0.5 

PaAHOcneKTpOMerp 

paAHOH3JiyHeHHe 

KOpOHW 

200  kTh  -  50  MTu 

1 

103 

1 

0.5 

Ta6jinL?a  2,  npuSopbi  aaa  cojihchhux  HCCJiepoBaHHH. 


Ha3BaHHe  npnSopa 

HastHaneHHe 

Cneun^HKaHHA 

M 

xr 

V 

CM  3 

W 

Bt 

T 

k6/c 

KOM6HHHpOBaH- 
Hbifi  TeAecKon- 
MarHHTorpaif) 

H3o6paxceHHA 

coAHenHoro 

AHCKa  C  BbICOKHM 
pa3pemeHHeM 

Ha,  KOHTHHyyM 
ahhhh  Fe,  Ca/Mg 

10 

102  x  30 

10 

10 

KpaiiHe-yAbTpa- 

4)HOAeTOBbIH 

TeAecKon 

XpoMocc|)epa  h 

nepexoAHaa 

o6Aacrrb 

AHHHH  H3AyneHHA 

bEUV 

9 

102  x  20 

5 

5 

PeHTreHOBCKHH 

TeAecKon 

KopOHa 

AHHHH  H3AyneHHH 

Fe 

9 

102  x  20 

5' 

5 

KopoHorpa^)  h 
TeAecKon  noAHoro 
o63opa  CoAHpa 

M3o6paAceHHe 
KOpOHbl  H 

CoAHIja  B  6caom 

CBeTe 

3epicaAbHbiH 

KopoHorpa^)  c 

BHyrpeHHHM 
3aTMeHHeM, 
H3o6paA<eHHA  Ha 
CCD 

20 

102  x  40 

10 

10 

AHaAH3aT0p 

HeHTpOHOB 

CoAHenHbie 
HeHTpOHbl  H 
raMMa-H3AyneHne 

(0.5  -  100)  Msb 
(0.1  -  10)M3b 

Aaa  y-H3AyneHHH 

1 

20 3 

2 

0.1 

KoHcrpyKTHBHOH  ochoboh  KA  ABjiHeTCB  KOJibpeo6pa3Haa  TepMOCTa6HAH3HpyeMaa 
njiaTfJjopMa,  Ha  KOTopofi  6es  repMOKOHTeHHepa  pacnoAaraioTCfl  npaKTHnecKH  Bee 
CHCTeMbi  KA  h  k  KOTopofi  KpenaTCH  pacKpbiBaeMbie  naHejiH  c  cojihchhumh 
<|)OTonpeo6pa30BaTejiHMH. 

B  peHTpajibHOH  nacTH  nepeAereoro  Mopyus  pacnonaraeTca  HHAHHApHnecicafl 
KOHCTpyKUHJi,  BepxHaw  HacTb  KOTopow  npeAHa3HaneHa  aaa  KpenjieHHH  KOHTeimepa 
HaynHOH  annapaTypbi,  a  hhwhhji  ncnojib3yeToi  KpenjieHHK  KA  k  nepexoAHofi 

npocTaBKe,  coeAHHHiomeH  KA  c  pa3roHHbiM  6jiokom  paKerbi-HocHTejia.  3to  no3BOAaer 
BocnpHHHMaTb  CHjioBbie  Harpy3KH  ot  KOMnjieKca  HaynHOH  annapaTypbi  HanSo/iee 
papHOHajibHbiM  cnoco6oM,  He  3arpy>Kaa  hmh  njiaTcjiopMy  co  cjiyxce6HbiMH  cucreMaMH  h 
He  TpeSyji  AopaGoTOK-KOHCTpyKpHH. 

Becb  KOMixneKC  HaynHOH  annapaTypbi  pa3Meni,aeTCH  b  KOHTeHHepe. 
KOHCTpyKTHBHO  OH  npeACTaBAHCT  CO60H  HHJIHHApHMeCKyi-0  KOHCTpyKpHK),  HH5KHee 
ocHOBaHwe  KOTOporo  npeAHaaHaneHO  ajm  cocahhchha  c  nepeAeTHbiM  MOAyJieM,  a  k 
BepxHeMy  KpemrrcA  coAHneaamuTHbie  SKpaHbi  aaa  3amHTbi  ot  TenAOBbix  noTOKOB 
coAHenHoro  rojiyneHHH  npn  npoAeTe  Ha  6ah3khx  paccTOHHHax  ot  CoAHpa. 


1.  Otl'IHMf CKM A  If.JtLK-im-Mai  Ullllll  pa'J) 
2-Pchtt«hobckiih  TonecKon 

3.  Cojiucimait  XUV-TfjiecKOD 

4.  Kuponorpa$ 

5.  flcTCKTop  neltT|M>non 

6.  C«j»H<HBbifi  raMui-cnck'-rpoMerp 


7.  Amnmjuiop  ’merlin  ro.nicmoio  Hcrpa 

8.  MurnHitiMcip 

9.  ^rreKTop  im'pl  M'lliKir  'me  mil 
H  pcH’treuuBCKoro  tu.iy  lemur 

10.  PnaHOCneRTpOMCTp 

11.  fleiKKiop  IIM.IH 

12.  MunitrniMii  aamiK  yfW/OHI 


Phc.  1 


TaSjmua  3.  MaccoBbie  xapaicrepHCTHKH  KA  «HHTeprejiHOC». 


OrpyKTypHbie  cocraBjiHuomiie  KA 

Macca,  kx 

nepeAeTHbift  MOflynb 

320.0 

KoMiuieicc  HayHHOH  annapaTypbi 

60 

KoHTefiHep  HayHHOH  annapaTypbi  c  TenAOBbiMH  axpaHaMH 

25 

OepexoAHaa  npocTaBKa 

20.0 

Pe3epB 

38 

KA  nOAHOCTbK)  C06paHHbIH 

463.0 

Ejxokh  h  pacKpbiBaeMue  aneMeHTbi  HayHHOH  annapaTypbi  pa3MemaioTca  KaK 
BHyTpH,  TaK  H  BHe  KOHTCHHepa  B  COOTBeTCTBHH  C  Tpe60BaHHHMH  K  HX  yCTaHOBKe  H 
opHeHTapHH  hx  nojiefi  3peHMH.  IIpn  stom  oSecneHHBaeTCM  nenona^aHHe  Ha  HayHHyio 
annapaTypy  npoflyicroB  HCTeneHHH  H3  coneji  ra30Bbix  ABHnixejieH  h  ABnraTejieH  Majiofi 
Tara  3a  cneT  toto,  hto  BH3HpHbie  oxna  HayHHOH  annapaTypbi  HanpaBjieHbi  b  cropoHy 
noaoxcHTejibHoro  HanpaBjieHmi  och  X,  a  Bee  yKa3aHHbie  conna  HanpaBjieHbi  b  cTOpoHy 
OTp HHai  e ji bHo ro  HanpaBJieHna  och  X. 

BsaHMHoe  pacnojicoKenne  annapaTypbi  nepejieTHoro  MOflyna  oGecnenHBaeT 
nojioxceHHe  rjiaBHon  och  hhcphhh  KA  no  och  X,  KOTopaa  aBJiaeTca  ocbio  chmmctphh 
KA.  Taicas  KOMnonoBKa  oSecneHHBaer  MHHHMH3auHio  pacxoAOB  paGonero  Tena  Ha 
CTa6HjiK3apHio  npn  opHeHTapHH  KA  Ha  CojiHu,e  h  Ha  3Be3fly . 

CncTeMa  3  jxe  KTp  o  n  htbh  hh  . 

CncTCMa  3jieKTporiHTaHiw  BKjiiOHaeT  4)0TO3JieKTpHnecKyio  6aTapeio  b  KanecrBe 
reHepaTOpa  h  HHKCAb-BOAopoAHyio  aKKyMyjiaTopHyio  Gaxapeio.  OoTosjieKTpHHecKaa 
GaTapea  Moxcerr  6biTb  BbinonHeHa  Ha  6a3e  KpeMHHeBbix  <J)OTonpeo6pa30BaTejieH  c 
yAejibHon  MomHOCTbK)  150  Bt/m2  h  ruioinaAbio  4  m2.  ripn  noAJiere  k  CojiHpy 
B03AeHCTBHe  TenjioBbix  h  paAnanHOHHbix  noTOKOB  Ha  cojmeHHbie  naHejiH  Gyper 
B03pacTaTb.  (ZlrnH  coGmoAenHa  3a,AaHHoro  TennoBoro  pexcHMa  npeAycMaxpHBaerca 
B03M0xcH0CTb  pa3BopoTa  cojiHeHHbix  naHeaeH,  hto  oGecnenHBaeT  H3MeHeHne  hx 
yrAOBoro  nojioaceHHa  no  othouichhio  k  HanpaBjieHHio  Ha  CojiHpe,  TeM  caMbiM 
CHHXCeHHe  HHTeHCHBHOCTH  COJIHeHHOTO  XenJIOBOrO  H  paAHaHHOHHOTO  B03fleHCTBHH; 
ycTaHOBKa  cojiHue3amHTHbix  3KpanoB,  nacTHHHO  hah,  b  OTAejibHbix  cnynaax, 
nojiHOCTbio  npeAoxpaHinomne  nanejin  ot  npaMoro  bosachctbhb  CojiHua. 

TenAOBaa  3amHTa. 

Ha  paccTOHHHH  30  Rs,  noTOK  xenna  ot  CoAHpa  b  50  pa3  GoAbine,  neM  Ha  1 
a.e.  nooTOMy  BMecTO  1.367  kBt/m2,  TenjiOBOH  aicpan  aoajkch  Gyaer  BbiAepacaTb 


npH6jiH3HTejibHO  70  kBt/m  " .  TeMnepaTypa  6y^er  3aBncexb  ot  yrjia  Me>Kfly 
nepBHHHbiM  TenjiOBbiM  3KpaHOM  u  HanpaBjieHHeM  Ha  CoAHne  h  He  AOAHCHa  npeBbimaTb 
1000  K 

HaHJiyHUIHMH  CBOMCXBaMH,  C  XOHKH  3peHHH  CXOHKOCXH  K  B03fleHCTBHK> 
cojiHenHoro  H3JiyHCHHfl  h  ypoBHH  xeMnepaTyp  b  ycxaHOBHBuieMca  xenAOBOM  peacHMe, 
o6jiaaaK)T  SKpaabi,  H3roTOBAeiiHbie  H3  BOJib^paMa  h  noKpbiTbie  c  BHenmeH  cTopoHbi 
CJIOeM  OKHCH  KpeMHHH.  XopOIIieH  TeiUIOBOH  3amHTOH  MO)KeX  6bITb  3KpaH  H3  yrjiepofl- 
yrnepOflHoro  MaxepwaAa. 

Pe3yjibTaTbi  npoBefleHHbix  pacnexoB  TenaoBoro  pexcHMa  AByxKacicaAHOH  cxeMbi 
Terui03aipHTHbix  sxpaHOB  noica3ajiH,  hxo  MaKCHMajibnaa  TeMnepaTypa  BHeniHero  aicpaHa 
cocxaBAaeT  700K,  a  BHyrpeHHero  395K. 

^.na  oGecneneHHa  TenjiOBoro  peacHMa  npeAnoAaraexca  Taioxe  HcnoAb30BaHHe 
cnennajibHbix  noicpbixHH  noBepxHoexen  npnGopoe  h  Kopnyca  KA  aah  oGecneneHHH 
onpeAejieHHbix  cooxHomeHHH  MexcAy  H3AynaTeAbHbiMH  h  norAomaxeAbHbiMH 
cBOHCTBaMH,  cnennaAbHbix  xenAOHSOAHUHOHHbix  MaxepnaAOB  h  x.a- 

TexieMexpHB  h  HaKonjieHHe  AaHHbix. 

B  cxaAHH  npoxo)KAeHHH  nepHre;iHH  ecxecxBeHHbie  cnmajibi,  HcrrycicaeMbie 
cojiHeHHon  KopoHofi,  Moryx  npHBecxH  k  cjia6oMy  3axyxaHHio  noxoxa  xeAeMexpnH. 
Bo  BpeMH  HawGoAee  moiahmx  coGmxhh  Ha  CoAHpe  b  paAH0AHana30He  Moryx 
AOcxHraxbca  BbicoicHe  noxoKH  H3.iryHeHna  b  xejieMexpHHecKOM  X-Awana30He  (rru). 
OAHaKO,  ecxecxseMHoe  H3AyneHHe  b  xejieMexpHnecKOM  X-AnanasoHe  (rru)  Moxcex 
reHepHpoBaxbca  Aiiuib  b  HenocpeACXBeHHOH  6ah3ocxh  ox  CojiHua  h  c  noMombio 
AeftcxByioiAHx  anxeHH  AaAbHeii  kocmhacckoh  cbh3h  moxcho  oGecnenHXb  pa3pemeHHe, 
Koxopoe  no3BOAHX  npHHaxb  CHraaji  ox  pa3MemeHHoro  Ha  KA  nepeAaxHHKa  h  oxAeAHXb 
ero  ox  CHAbHoro  H3AyiieHMa  b6ahsh  coahchhoh  noBepxHoexH.  3xo  BaxcHO  aah 
nepeAaHH  AaHHbix  b  peanbHOM  BpeMeHH  npn  npoxoxcAeHHH  nepwreAHH.  OAHaxo, 
nocKOAbKy  HeKOxopbie  noMexn  bosmoxchm  bo  BpeMH  onewb  MomHbix  paAHOBcnAecKOB 
Ha  CoAHije,  h  b  nepwreAHH  xpeGyexca  GoAee  BbicoxaH  CKopocxb  nepeAaHH  AaHHbix, 
KorAa  npHopnxexHbiM  cxaHOBnxcH  Gbicxpoe  noAyneHHe  H3o6paxceHHH  c  bwcokhm 
pa3pemeHHeM,  hcoGxoahmo  HMexb  Ha  Gopxy  HOCHxeAH  naMHTH,  no3BOAHioiAHe  xpaHHXb 
HecKOAbKO  TGafix  MH<|)opMan,HH,  hxo  cooxBexcxByex  nacxw  cyxonnoro  oGbeMa  AaHHbix, 
noAynaeMbix  b6ah3h  nepureAHH  co  CKopocxbio  20  k6hx/c. 

B  paAHOKOMnAeicce  np eAnoAaraexcx  HcnoAb30Baxb  ripHeMHHKH,  paGoxaioiAHe  Ha 
HecymeH  nacxoxe  7.2  ITn,  h  nepeAaxHHKH,  paGoxaioiAHe  Ha  Hecymeii  nacxoxe  8.4  rTii. 

EanAHCxiiHecKHH  cueHapHH  mhcchh 

Bwboa  KA  Ha  OKOAOCOAHCHHyio  opGHxy  c  nepHreAHeM  okoao  30Rs  xpe6yex 
cepnH  rpaBHxaiiHOHHbix  MaHeBpOB  y  BeHepbi  (rM).  TpaeicropHH  pa3AexeHbi  Ha  ABa 
nocAeAOBaxeAbHbix  ynacxica:  cjiaia  noHHxceHHX  nepwreAHH  h  paGonaa  opGwxa. 
CyuiecxByiox  Asa  BapnaHxa  mhcchh  c  pa3HbiMH  npocfmxxMH  c|)a3bi  noHHxceHHH 
nepwreAHH,  Koxopbie,  OAHaKO,  b  pe3yAbxaxe  Aaiox  OAHHaicoBbie  paGonwe  opGHXbi 
(cM.pHC.2).  B  oGohx  CLieHapnax  nponcxoAax  cGAHxceHHH  c  MepicypneM. 


A.  Ebicmpan  muccuh. 

XapaierepHoe  BpeMH  nojieTa  —  okojio  3,7  jict  h  AonojiHHTejibHaa  CKopocTb  AV 
AJlh  BbiBOfla  Ha  paSonyK)  opSmy  cocTaBjiaer  npHMepHO  5.7  km/c. 

B.  Onenb  6bicmpan  muccuh. 

XapaierepHoe  BpeMH  nojiera  h  AV  cocraBJiHioT,  cooTBeTCTBeHHO,  okojio  2.5  jier 
h  6.8~km/c. 

B  BapnaHTe  A~THna  bch  cepun  rpaBHTaaHOHHbix  MaHeBpoB  aah  chidkchhh 
nepHrejiHH  coctoht  H3  Herwpex  rpaBHTauHOHHwx  MaHeBpoB  y  BeHepw.  Kocmkhcckhm 
annapaT  BnepBbie  bwxoaht  Ha  KOpOTapHOHHyio  op6HTy  nepe3  3,5  ro^a  nojieTa.  IIpH 
AaHHOH  HanajibHOH  ckopocth  3to  Han6ojiee  hh3khh  B03M0>KHbiH  nepHreAHH.  HoaxoMy 
Gbicrpan  mhcchh  (A)  co otb eTCTBy ct  MaKCHMajibHOMy  Becy  no;ie3HOH  Harpy3KH  b 
paMKax  cxeMbi  c  rpaB HTau h o h h bi m  MaHeBpoM  y  BeHepw  c  paccTOHHHeM  b  nepnrejiHH 
okoao  30Rs. 

IIpo(J)HAb  mhcchh  E--Tnna  no3BOJiaeT  AOCTHruyTb  Toro  xce  rejiHOijeHTpHHecKoro 
paccTOHHHa  3a  cymecTBCHHO  6ojiee  KOpOTKoe  BpeMH  riepwreAHH  30Rs  BnepBbie 
AOCTHraercH  Bcero  iiepe3  ABa  roAa  noAeTa  nocAe  3anycKa.  IIpoMeHcyTOHHwe 
reAHOijeHTpHHecKHe  paccTOHHHH  Ha  (|)a3e  noHnxceHHH  nepnreAHH  b  stom  cpeHapHH 
TaKHce  yAoSHbi  aah  renHO(|)H3HHecKHx  HCCAeAOBaHHH.  <5a3a  noHHHceHHH  nepHreAHfl  b 
cpeHapiiH  E— THna  3aBepuiaercH  bwboaom  KOCMnnecxoro  annapara  Ha  pa6onyio 
opSmy,  aHaAorHHHyio  pafionen  opSnTe  b  cneHapnn  A— rana. 

IlpHBeACHHaH  6aAAHCTHHecKaH  cxeMa  KA  "HHTepreAnoc"  HcnoAb3yer  op6HTbi  b 
nAOCKOCTH  SKAHnTHKH  HAH  6aH3KHC  K  HeH.  He60AbIH0H  HaKAOH  OpSHTbl  KA  K 
nAOCKOCTH  3KAHnTHKH  mohcct  OKaaaTbcn  BajKHbiM  aah  HCCAeAOBaHHH  reAHOC(|)epHoro 
TOKOBOTO  CAOH  H  CeKTOpHOH  CTpVKTypbl  MeHCnABHeTHO TO  MarHHTHOTO  nOJIH.  BOAee 
CHAbHblH  HaKAOH  OpSHTbl,  npeACTaBAHfOIAHH  HHTepeC  AAH  MHCCHH  THna  «C0AHC4HbIH 

30ha»,  MoaceT  6bixb  ocymecTBAen  3a  cneT  FM  y  BeHepw  h  npn  HcnoAB30BaHHH 
ABHraTCJIH  MaAOH  THrH,  KOTOpblH  AaeT  Taoce  B03M0HCH0CTb  OnTHMH3HpOBaTb 


TpaeicTopmo  KA  c  tohkh  3penra  nporpaMMbi  HayHHbix  HecneAOBaHHH  h  BbinonHeHHA 
Heo6xoflHMbix  MaHespoB. 

Hnace  b  TaGnHge  4  npHBe^eHbi  oueHKH  npe^ejibHoro  paccToaHiia  b  nepnrenHH 
(b  paAHycax  Comma  R==Rp/Rs),  KOToporo  mo>kho  AoexHHb  c  noMombio  paicer- 
HOCHTeASH  cpeAHero  KJiacca,  a  TaKxce  hhcao  HeoGxoAHMbix  rpaBHTapHOHHbix  MaHeBpoB 
y  BeHepw.  3AeCb  paccMOTpeH  MHorocryneHnaTbiH  BapwaHT  3anycKa,  KOTopbiii 
npeflycMaTpHBaeT  3anycic  KOCMHHecicoro  annapaTa  c  okoao3Cmhoh  opGhtm  no 
ranepGone  c  Hcnonb30BaHHeM  flononHHTenbHoro  pa3roHHoro  ABHraTeas. 
IIpeAnoAaraeMaH  Macca  kocmhhccko ro  annapaTa  (6e3  3Toro  ABHraTena)  6paAacb 
paBHoii  100--500  kt. 


TaGAHita  4,  PaxeTa — hochtcab  «Moahha»  h  «Cok)3-2» 


M  (kt) 

1  ManeBp 

2  MaHeBpa 

3  MaHeBpa 

100 

42 

32 

24 

200 

46 

33,5 

26 

300 

50,5 

35 

28 

400 

55 

36 

30 

500 

60 

37 

32 

EoAee  noApoGHde  onncaHHe  mhcchh  «HHTepT  eAnoc»  npHBeACHO  b 
nyGAHKaunKx 1-4 . 
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Abstract 


The  small  spacecraft  (SSC)  of  the  InterHelios  mission  is  designed  to  observe  the 
inner  heliosphere  and  the  Sun  at  close  distances.  The  perihelion  of  about  20  Rs  will  be 
reached  through  multiple  gravity-assisted  maneouvres  at  Venus,  combined  with  low-thrust 
electric  jet  propulsion.  This  will  enable  a  gradual  lowering  of  the  perihelion  and  SC 
corotation  with  the  Sun  over  a  long  time  interval,  as  well  as  periodic  Mercury  encounters. 
The  possibilities  for  subsequent  inclination  of  SSC  axis  to  the  plane  of  ecliptic,  aimed  at 
exploration  of  the  polar  regions  of  the  Sun,  are  under  consideration. 

The  payload  of  total  mass  no  more  than  60  kg  will  comprise  solar  instruments 
(white-light,  X-ray,  and  UV  telescopes,  and  coronograph)  and  a  heliospheric  complex 
(particle,  solar  wind  and  plasma  analyzers,  magnetometer,  high-energy,  neutron  and  dust 
detectors,  and  radio  spectrometer). 

SSC  will  be  supplied  with  a  thermal  screen  and  specially  designed  solar  batteries. 


Introduction 


Interhelios  is  the  most  interesting  space  mission  for  the  investigation  of  the  inner 
solar  system  (i.e.  the  Sun,  the  interplametary  medium  and  the  planet  Mercury)  under 
consideration  at  the  present  time.  The  mission  is  led  by  Russia,  since  it  involves  Russian 
technology,  but  other  European  institutes,  that  have  had  long  experience  with  space  solar 
physics  and  the  solar  wind  and  with  planetary  exploration,  are  naturally  very  interested  in 
such  a  mission  and  expected  to  contribute  where  they  can. 

The  aim  of  Interhelios  is  to  go  reasonably  close  to  the  Sun,  to  a  point  where  the 
spacecraft  is  temporarily  in  a  quasi  co-rotational  orbit  (i.e.  to  30  solar  radii  or  less)  and  in 
doing  so,  to  make  repeated  close  encounters  with  the  planet  Mercury.  The  original  Helios 
mission,  which  approached  to  about  63  solar  radii  of  the  Sun  (but  without  Mercury 
encounters),  led  to  the  elucidation  of  many  new  features  of  the  inner  heliosphere  and 
interplanetary  medium  and  of  the  solar  wind  in  particular.  Several  strange  phemomena 
were  observed  near  the  perihelion  passage,  notably  dropouts  in  the  plasma  density 
(perhaps  connected  with  very  extended  coronal  streamers)  and  occasional  subsonic  flow, 
these  are  expected  to  be  much  more  common  near  30Rs,  given  our  recent  experience  with 
the  coronagraph  observations  from  SOHO.  Furthermore,  the  high  speed  solar  wind  was 
observed  by  Helios  on  a  regular  basis  -  made  possible  by  the  tilt  of  the  coronal  streamer 
belt  away  from  the  eclipic  plane. 

Interhelios  will  allow  us  to  investigate  these  extended  coronal  streamer  regions  in 
detail,  as  well  as  to  investigate  the  acceleration  of  the  slow  solar  wind  which  is  also 
associated  with  the  streamer  belt.  Furthermore  there  will  be  enough  encounters  with  the 
high  speed  wind  to  allow  us  to  investigate  the  problem  of  its  acceleration.  The  periods  of 
quasi-co-rotation,  which  last  for  several  days  around  perihelion  will  permit  flares, 
eruptions  and  other  solar  disturbance  phenomena  to  be  investigated  at  a  particular 
longitude  on  the  Sun,  thus  avoiding  the  confusion  introduced  by  overlapping  time  and 
space  variations  which  have  plagued  previous  in-situ  measurements. 

There  are  other  bonuses  associated  with  near-Sun  measurements,  namely  the 
possibility  of  making  stereoscopic  observations  of  the  solar  corona  (in  parallel  with 
observations  made  from  near  the  Earth)  and  of  making  very  high  resolution  obervations  of 
the  photospheric  magnetic  field  and  EUV  features  in  the  transition  region  and 
chromospheric  network  and  of  the  active  corona  in  soft  X-ray  emission  lines.  All  this  can 
be  done  with  small  instruments  requiring  neither  large  mirrors,  nor  interferometry  and/or 
sophisticated  techniques  to  achieve  the  desired  high  resolution.  For  InterHelios,  this  is 
simply  facilitated  by  its  proximity  to  the  Sun:  with  a  perihelion  distance  of  only  a  seventh 
of  an  AU,  where  an  angular  resolution  equivalent  to  1  arcsec  at  1  AU  corresponds  to  only 
100~km  on  the  Sun. 

The  possibility  of  making  observations  of  the  planet  Mercury  is  very  exciting. 
There  is  much  to  be  learned  concerning  the  regions  of  the  surface  which  were  not  seen  by 
Mariner  10,  to  look  for  water  ice  in  deep  polar  craters  (suggested  by  radar  observations 
made  from  Arecibo)  and  to  investigate  with  much  better  instrumentation  the 
extraordinarily  active  magnetosphere  of  the  planet. 

A  suitable  payload  involving  three  instrument  packages  can  be  devised  to  provide 
all  of  these  measurements  for  about  60  kg,  although  some  (worthwhile)  effort  will  have  to 


be  put  into  designing  low-weight,  integrated  structures  and  experiments  using  common 
DPUs  and  electronics.  This  is  in  itself  an  interesting  challenge  from  the  point  of  view  of 
developing  new  techologies  for  future  cheaper  missions.  Even  more  interesting  is  the 
opportunity  for  InterHelios  to  make  use  of  low-thrust  technology  where  Russia  has  a  lead, 
which  thus  would  be  maintained  or  further  developed.  At  present  it  would  appear  that  this 
technology  is  likely  to  be  taken  over  by  other  agencies  if  no  Russian  mission  is  carried  out 
to  test  and  exploit  it. 

InterHelios  offers  some  significant  advantages  over  the  planned  Solar  Probe 
Mission,  which  obviously  is  also  important  for  the  understanding  of  coronal  heating  and 
solar  wind  generation.  However,  the  Solar  Probe  faces  serious  techological  difficulties,  as 
the  plan  is  to  go  to  within  4Rs  of  the  Sun  using  a  sophisticated  heat  shield  and  to  make 
observations  only  from  about  lOORs  to  past  perihelion  passage,  which  is  difficult  and 
expensive.  Furthermore,  there  is  a  long  flight  to  Jupiter  with  its  difficult  environment, 
before  the  interesting  region  near  the  Sun  is  finally  reached.  The  spacecraft  must  there 
survive  about  3000  solar  constants,  transmit  its  data  through  a  difficult  region  and  will  be 
active  in  an  unexplored  region  of  space  for  only  about  10  days. 

In  contrast  to  the  Solar  Probe,  even  if  done  well,  Interhelios  will  provide 
interesting  data  almost  immediately  and  for  its  whole  lifetime  in  space.  It  satisfies  a  variety 
of  important  demands  for  long-term  near-Sun  observations  of  the  interplanetary  medium, 
high  resolution  solar  observations,  stereoscopic  viewing  of  the  corona  (especially 
important  for  ' '  space  weather")  and  it  can  make  very  important  observations  at  Mercury 
which  are  presently  not  under  consideration  by  other  Agencies. 

Scientific  Objectives 

The  solar  corona  and  the  near-  Sun  solar  wind  are  the  last  regions  of  the  solar 
system  to  remain  unexplored  by  in-situ  measurements.  The  planet  Mercury  has  only  been 
visited  once  by  spacecraft  and  is  the  least-known  of  the  inner  planets.  The  InterHelios 
mission  is  specifically  designed  to  close  these  gaps  of  knowledge  by  exploring  the  inner 
solar  system,  i.e.  the  Sun,  Heliosphere  and  Mercury.  The  objectives  are  to  understand  the 
magnetic  activity  of  the  solar  atmosphere  and  concurrent  heating  of  the  corona,  and  the 
generation  and  acceleration  of  the  solar  wind  and  solar  energetic  particles,  and  moreover 
to  investigate  the  plasma,  gas  and  dust  environment  near  the  Sun  and  Mercury,  and  to 
study  the  surface  features  of  Mercury  by  close  fly-by  observations. 

The  solar  wind  engulfs  the  entire  solar  system  and  controls  interplanetary  space 
out  to  the  heliopause  at  about  100  AU.  Stellar  winds  and  coronae  and  planetary  systems 
are  ubiquitous  in  the  universe,  but  only  in  the  solar  system  can  detailed  in-situ 
measurements  of  such  phenomena  be  made.  The  InterHelios  mission  is  designed  for 
multiple  close  approaches  to  the  Sun  with  perihelion  trajectories  near  30Rs  in  the  ecliptic 
plane. 

The  slow  solar  wind,  emanating  from  the  low-latitude  equatorial  streamer  belt 
around  the  Sun  was  clearly  visible  in  the  SOHO  coronagraph  images.  It  is  very 
intermittent  and  transient  by  nature  and  therefore  can  only  be  resolved  and  understood 
properly  by  a  direct  probing  close  to  its  sources  at  a  fixed  heliographic  longitude,  such  that 
temporal  and  spatial  variations  can  unambiguously  be  disentangled.  The  observations  to  be 


made  by  InterHelios  will  concentrate  on  the  slow  wind  streams  and  on  solar  disturbances 
associated  with  magnetic  solar  activity,  flares,  loops  and  erupting  prominences.  Ihe 
temporal  evolution  and  spatial  structure  of  such  phenomena  at  the  coronal  base  will  tor 
the  first  time  be  measured  at  very  high  spatial  (<100  km)  and  temporal  (<1  s)  resolution 
from  a  spacecraft  in  the  vicinity  of  the  heliosynchronous  orbit.  InterHelios  will  also  make 
regular  observations  of  the  fast  solar  wind,  which  will  appear  whenever  elongated  polar 
coronal  holes  extend  down  to  the  equatorial  regions. 

Scientific  payload 

In  order  to  achieve  the  aims  of  the  InterHelios  mission  through  solar  and  near-Sun 
space  plasma  observations,  it  will  be  necessary  to  perform  suitable  in-situ  measurements  o 
the  low-  and  high-speed  solar  wind,  and  to  carry  out  remote-sensing  measurements  ot  the 
solar  plasma  existing  at  the  coronal  base,  in  the  upper  chromosphere  and  supergranular 
network,  thus  covering  heliocentric  distances  ranging  from  a  fraction  of  a  Rs  out  to  about 

35  Rs  and  beyond.  .  , 

The  InterHelios  payload  should  permit  us  to  correlate  in  unprecedented  detail  the 

in-situ  observations  with  the  related  magnetic  activity  occuring  on  and  near  the  solar 
surface.  The  relatively  long  corrotation  phase  of  the  spacecraft  with  the  Sun  will  allow  us 
to  do  so  and  to  observe  continuously  active  regions  and  their  dynamics  and  evolution  in 
the  atmosphere  of  the  Sun,  and  to  measure  the  interplanetary  consequences.  The 
InterHelios  mission  will  accomplish  its  objectives  with  a  combination  of  remote-sensing 
and  in-situ  instruments  capable  of  characterizing  the  near-Sun  radiation  and  plasma 
environment.  The  payload  is  streamlined  by  having  following  instrument  packages. 

•  In-situ  interplanetary  measurements: 

Thermal  and  energetic  particles  distribution  functions,  magnetic  field, 
magnetohydrodynamic  and  plasma  waves,  dust,  neutrons  and  y-rays,  radio  waves  in  the 

near-Sun  heliosphere. 

•  Solar  remote-sensing  measurements: 

High-resolution  imaging  and  spectroscopy  of  the  solar  atmosphere,  and  corona  m 
particular,  in  selected  wavelength  bands  ranging  from  optical  and  EUV  to  X-rays. 

The  Helios  and  Ulysses,  and  the  CORONAS,  Yohkoh  and  SOHO  payloads 
together  with  the  additional  requirements  for  remote  sensing  of  the  Sun  and  in-situ 
measurements  of  particles  and  fields  from  a  near-Sun  synchronous  orbit,  may  be  used  as  a 
baseline  for  designing  the  payload  of  InterHelios.  Of  course,  the  payload  finally  envisioned 
must  be  state-of-the-art  and  comply  with  the  important  general  requirements  of  a  low- 
weight,  compact  and  integrated  design,  must  focus  on  the  major  science  objectives,  an 
include  the  possibility  for  data  onboard  compression/storage  and  require  modest  data 

transmission  rate.  .  ...  , 

A  list  of  scientific  instruments  for  heliospheric  and  solar  investigations  is  presented 

in  Tables  1  and  2  (it  is  indicated  mass  M,  volume  V,  power  W  and  telemetry  rate  T). 


Table  1.  Heliospheric  instrumentation 


Name 

Objectives 

Specification 

Kill 

in 

V 

cm 

w 

watt 

T 

kb/s 

Solar  wind  analyzer 

measurements  of 
ions  and  electrons 

ions:  (0-30)  kev/Q 
electrons:  (O-lO)kev 

3 

20 3 

| 

5 

Plasma  wave 
analyzer 

plasma  waves 

(iV/m  -  V/m 
nT  -  fiT 

3 

20  3 

fl 

10 

Magnetometer 

DC  magnetic  field 

0.1  nT-)iT 

1 

103 

1 

1 

Particle  detector 

energetic  particle 

ions  and  electrons: 
10  kev-  10  Mev 

2 

15  3 

3 

3 

Dust  detector 

interplanetary 

10-16  -  10 ”6  g 

dust  particle 

1 

10 3 

1 

0.5 

Radiospectrometer 

corona!  radio  wave 

200  kHz  -  50  MHz 

1 

10  3 

1 

0.5 

Name 


White-light-Imager 
and  Magnetograph 

EUV  Imaging 
Spectrometer 

X-ray  Imager 

Coronograph  and 
fiill-Sun  Imager 


Neutron  analyzer 


Table  2.  Solar  Instrumentation. 


Objectives 


High -resolution 


Chromosphere 
Transition  region 

Corona 

Imaging  of  corona 
and  full  Sun  in 
white  light 


Specification 

M 

kg 

V 

cm3 

W 

watt 

T 

kb/s 

Ha,  contiuum 

Fe  line,  Ca/Mg 

10 

102  x  30 

10 

10 

EUV  emission 
lines 

9 

102  x  20 

5 

5 

Fe  emission  lines 

9 

102  x  20 

5 

5 

mirror 

coronograph, 

internal 

occultation,  solar 
images  on 

CCD 

20 

o 

to 

X 

O 

10 

10 

(0.5-100)  Mev 
(0.1  -  10)  Mev  y- 
rays 

1 

20  3 

2 

0.1 

Spacecraft  design  concept 


As  a  basis  for  the  spacecraft  «Interhelios»  a  fligh-by  module  which  was  designed  by 
Lavochkin  Assotiation  for  the  perspecrive  planetary  reserches  of  the  Moon  and  Mars  was 
considered. 

This  module  is  completed  by  all  systems  which  are  necessary  for  the  securing  of  the 
fly  to  the  Solar  System  planets  and  its  characteristics  may  are  in  a  good  accordance  with 
«Interhelios»  spacecraft  requirements.  A  principal  measurement  requirements  originating 
from  scientific  experiments  may  be  satisfied  by  this  module: 

•  securing  of  the  reliable  operation  of  scientific  and  auxiliary  spacecraft  systems  under 
the  conditions  of  enhanced  thermal  and  radiation  influence  near  the  Sun; 

•  supporting  of  the  continuous  three-axis  orientation  to  the  Sun  with  using  a  bearing 
stars; 

•  securing  of  the  scientific  instruments  accommodation  in  accordance  with  the 
requirements  of  orientation  of  its  sight  axes  and  fields  of  view; 

•  securing  of  the  power  of  scientific  instruments  for  monitoring  regime  and  during 
periods  of  measurements; 

•  securing  of  the  telemetry  transmission  to  the  Earth  during  the  periods  of  link. 

A  common  view  of  «Interhe!ios»  spacecraft  with  accommodated  scientific 
instruments  is  shown  on  Fig.  1  A  mass  structure  of  the  spacecraft  is  given  in  Table  3. 

A  ring-shape  thermostable  platform  is  a  base  of  the  spacecraft.  Almost  all  spacecraft 
systems  and  the  solar  panels  with  solar  photo  converter  are  fixed  on  this  platform. 

A  cylindrical  construction  in  the  central  part  of  the  module  is  sited.  An  upper  part  of 
this  construction  is  destined  for  the  fixing  of  the  scientific  instrument  bay  and  a  lower  part 
is  used  for  the  fixing  of  the  spacecraft  to  the  adapter  which  connect  a  spacecraft  to  the 
booster.  This  construction  allow  to  take  a  force  load  from  scientific  instruments  bay  in 
most  rational  manner  do  not  loading  a  platform  with  auxiliary  systems  and  no  additional 
design  is  necessary. 

The  whole  scientific  complex  is  sited  in  the  bay.  It  represents  a  cylindrical 
construction  a  lower  base  of  which  destined  for  the  connection  with  module  and  an  upper 
part  for  the  fixing  of  the  solar-protective  screen. 

The  blocks  and  opening  elements  of  the  scientific  instruments  are  accommodated  as 
inside  and  outside  of  the  container  in  accordance  with  requirements  of  its  putting  and 
orientation  of  its  fields  of  view.  In  spite  of  all  this  a  product  of  fuel  combustion  do  not  hit 
on  the  scientific  instruments  due  to  that  a  sight  windows  of  scientific  instruments  and  the 
nozzles  have  an  opposite  directions. 

A  relative  arrangement  of  module  systems  give  a  coincidence  in  the  positions  of 
the  main  inertia  and  symmetry  axes  of  the  spacecraft. 


1.  White-light  imager-magnetograph 

2.  X-ray  imager 

3.  XUV-imager 

4.  Coronograph 

5.  Neutron  analyzer 

6.  Solar  gamma-spectrometer 


7.  Plazma  analyzer 

8.  Magnetometr 

9.  Energetic  particle  detector 

10.  Radiospectrometer 

11.  Dust  detector 

12.  Magnetic  sensor  ULF/VLF 


FigX 


Table  3.  «InterHelios»  spacecraft  mass  structure. 


Spacecraft  structure 

Mass,  kg 

Fligh-by  Module 

320.0 

Scientific  payload 

60 

Scientific  payload  bay  with  thermal  shield 

25 

Adapter 

20.0 

Reserve 

38 

Total 

463.0 

Power  supply  unit. 

Power  supply  unit  contains  a  photoelectric  battery  as  a  generator  and  a  nickel- 
hydrogen  accumulator  battery.  Photoelectric  battery  uses  a  silicon  photo  transformers 
with  specific  power  about  150  W/m2  which  have  a  square  4  m2  .  As  a  spacecraft  will 
approaches  to  the  Sun  the  influence  of  the  thermal  and  radiation  fluxes  on  the  solar  panels 
will  increases.  In  order  to  control  a  thermal  regime  we  consider  a  possibility  of  rotation  of 
the  solar  panels  that  will  allow  to  change  an  angle  position  of  the  panels  with  respect  to 
the  direction  to  the  Sun  and  in  such  a  way  to  decrease  the  solar  radiation  influence.  A 
setting  of  the  solar-protective  screens  are  also  foreseen. 

Thermal  shielding. 

At  30  Rs,  the  heat  flux  from  the  Sun  is  typically  50  times  what  is  measured  at  1 
AU.  Then,  instead  of  1.367  kW/m2,  the  thermal  shield  will  have  to  withstand 
approximately  70  kW/  m 2 .  The  temperature  that  will  be  reached  depends  upon  the 
average  angle  between  the  primary  heat  shield  and  the  direction  of  the  Sun  but  should  not 
exceed  about  1000  K. 

The  screens  manufactured  from  wolfram  and  covered  by  silicon  oxide  layer  have  a 
best  properties  to  protect  a  spacecraft  from  thermal  and  radiation  influence  under  the 
considered  conditions.  A  carbon-carbon  material  also  has  a  good  properties  for  that.  As 
was  obtained  from  numerical  calculations  of  the  thermal  regime  of  the  two-level  screen 
system  a  maximal  temperature  at  the  outer  screen  is  700  K  and  at  the  inner  screen  is  395 
K.  It  is  also  assumed  to  use  a  special  covering  layers  for  the  instruments  and  spacecraft 
case  as  well  as  a  special  thermoinsulating  materials. 

Telemetry  and  data  storage. 

During  the  perihelion  part  of  the  trajectory,  natural  signals  emitted  in  the  solar 
corona  could  produce  a  weak  fading  of  the  TM  stream.  During  the  most  intense  solar 


radio  events,  the  peak  energy  can  reach  a  high  flux  level  in  the  X  band.  Natural  emission 
in  the  X  band,  however,  can  only  be  produced  very  close  to  the  Sun.  The  30  m  diameter 
DSN  antenna  can  provide  required  resolution.  Then,  even  a  weaker  transmitter  can  be 
separated  from  a  strong  emission  close  to  the  surface  of  the  Sun,  and  it  is  highly  desirable 
to  have  real  time  data  transmission  during  the  perihelion.  Yet,  since  there  can  be  some 
contamination  if  solar  radio  bursts  are  very  intense,  and  a  higher  data  rate  is  necessary 
during  the  perihelion,  when  there  is  priority  on  fast  high-resolution  imaging,  it  is  necessary 
to  have  an  onboard  memory  capable  of  storing  many  Gbits,  which  corresponds  to  a 
fraction  of  the  daily  data  collected  near  perihelion  at  a  rate  of  about  20  kbit/s. 

It  is  assumed  to  use  in  radio  complex  a  receiver  with  frequency  7.2  GHz  and 
transmitters  with  frequency  8.4  GHz. 

Mission  ballistic  design 

To  place  a  spacecraft  in  an  orbit  aroud  the  Sun  with  a  perihelion  exceeding  20  Rs, 
requires  multiple  gravity-assisted  manoeuvres  near  the  planet  Venus.  The  trajectories  are 
divided  into  two  successive  parts:  the  perihelion  lowering  phase  and  the  working  orbit. 
There  are  two  versions  of  the  mission  with  different  profiles  of  the  perihelion  lowering 
phase,  however  both  result  in  similar  working  orbits  (Fig.2).  In  both  scenario  Mercury 
encounters  take  place. 

A.  Fast  mission. 

The  characteristic  time  of  flight  is  about  3,7  years  and  the  additional  velocity,  AV, 
for  placing  SC  into  the  working  orbit  is  about  5.7  km/s. 

B.  Very  fast  mission. 

The  characteristic  time  of  flight  and  AV  are  ~2.5  years  and  ~6.8  km/s,  respectively. 

In  version  A,  four  gravity-assisted  maneouvres  near  Venus  are  completed  to  lower 
the  perihelion  height.  The  spacecraft  first  reaches  the  corotation  orbit  after  3.5  years  of  the 
flight.  It  is  the  lowest  possible  perihelion  at  a  given  initial  orbit.  Therefore  the  fast  mission 
(A)  meets  the  maximum  payload  requirement  within  the  scheme  of  gravity-assisted 
maneouvre  near  Venus  at  a  perihelion  of  about  30  Rs.  After  2.5  years  of  the  flight,  the 
perihelion  lowering  phase  can  be  interaipted  at  36  Rs  and  the  spacecraft  is  placed  into  the 
working  orbit  for  periodic  encounters  with  Mercury. 

Mission  B  reaches  the  same  heliocentric  distances  for  a  much  shorter  time.  The 
perihelion  of  30  Rs  is  first  reached  as  soon  as  2  years  after  the  launch.  In  this  scenario,  the 
intermediate  heliocentric  distances  in  the  perihelion  lowering  phase  are  also  convenient  for 
geophysical  studies.  The  perihelion  lowering  phase  in  mission  B  is  completed  by  injecting 
the  spacecraft  into  the  working  orbit,  similar  to  scenario  A. 

The  ballistic  scheme  of  InterHelios,  described  above,  is  based  on  the  orbits  in  or 
close  to  the  ecliptic  plane.  The  spacecraft  orbit,  slightly  inclined  towards  the  ecliptic  plane, 
may  prove  important  for  the  study  of  the  heliospheric  current  sheet  and  the  interplanetary 
magnetic  field  structure.  A  more  strong  inclination  of  the  orbit  which  have  interest  for  the 
«Solar  Probe»  type  mission  may  be  realized  due  to  the  using  gravity  assisted  manoeuvres 
near  Venus  and  by  using  a  thruster  which  also  give  a  possibility  to  optimize  a  spacecraft 
trajectory  from  point  of  view  of  scientific  program  and  carry  out  of  necessary  manoeuvres. 


The  subsequent  Table  4  presents  rough  estimates  of  the  limiting  distances  at  perihelion 
(R=Rp/Rs)  achieved  by  middle  power  launch  vehicles,  together  with  the  number  of 
gravitational  manoeuvres  needed  at  Venus.  We  have  considered  the  multi-stage  variant  of 
launching  in  which  it  is  foreseen  to  launch  the  spacecraft  from  the  near-Earth  oibit  to  a 
flying-away  hyperbola,  using  an  additional  rocket  engine.  The  spacecraft  mass  (without 
this  engine)  is  assumed  to  be  100—500  kg. 


Table  4.  Launch  vehicle  «Molniya»  and  «Soyuz-2» 


M  (kg) 

1  manoeuvre 

_ _ _ _ - — - - 

2  manoeuvre 

3  ^manoeuvre 

100 

42 

32 

24 

200 

46 

33,5 

26 

300 

50,5 

35 

28 

400 

55 

36 

30 

500 

60 

37 

32 

A  more  detail  information  about  «Interhelios»  may  be  find  in  publications 
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3a  noHTH  40  jieT  cymecTBOBaHHH  KocMnaecKHX  annapaTOB  b  MHpe  Ha 
KOIUT6H  6oImOM  OHMT  B  HX  KOHCTpyHpOBaHHH,  pa^eHHH  HE  HHX,  B 
HACTHOCTH,  HaynHbix  nptiOopoB,  cocTaBJieHHH  HayHHbix  nporpaMM  no 
jiexa  b  nojiyneHHH  BaxtHemimx  Hayniibix  peayjibraTOB.  B  hecthocth,  b 

HccjieaoBaHHii  PoccafcKoft  »  ^ 

PAH)  h  HHCTHTVTe  (|)H3HKH  aTMOccJjepbi  AKap,eMMH  HayK  - 

ah  HP)  cosaana  «  arpaOpraHa  B  reaeHHe  flByx  mcxnw™n 
«a annapatax  c&pHH  MATHOH  MeioflHKa  co3flaHKa,  aanycKa 

peayXxoB  c  npHMeHeHHBM  MmcpocnyrHKKoB 

(nwoexTbi  MATHK^AKTHBHblH,  HHTEPBOJI).  3ra  MeTOBHKa  nouuojw- 
ci  KOHcTpyupoiiaTf.  Ha  coBpenieHHoii  pneMeHTHoii  6aae  Maatie  cnyrHHKH 
BecoM  40  80-100  kt,  KoTopwc  aaiOT  B03MoxHocTb  npoBt'aei-iHM  nojrao 

rl  xol  ™™  HccjiefloBaHHM  napaMexpoB  HHOc<j>epH  »  *  », 
bmpctTc  “out  coanaBatBca  b  HeOoaBiHHX  Haymo-TeXHKHecKHX  Koa- 
neKTHBax  ofi.’ianaa  cmc  h  TaKHM  ttoctohhctbom,  KaK  HCBMcoKaa  ctohmoc  ^ 
,,  ’  B03MOjKHa  inapOKaa  Koonepauml  y-ienaix  h  HHxeHcpoB  pa3H 

X!”^eP)  »  »-  cnyrHHK  MATHOH-4  BaoxceH  xpya  kob- 

Tko«  KoonopaHHH,  homhmo  no—oro  o6MeHa 


lO.AracjjoHOB 


Bo3Mo2chocth  opGuTajibHoro  KopoHorpa(J)iiHecKoro 
TejiecKona:  npoeKT  «OoMajibrayr» 

A.M.^IepenamyK,  H.C.Khm,  O.M.EyraeHKo,  HATepacHMOB, 
A.H.3axapoB,  B.r.KopHHJiOB,  E.K.IIIecj)c[)ep 
r ocyaap CTBeHHWH  acTpoH.  hh-t  hm.  n.K.UlTepuSepra 
Mockobckhh  rocyAapcTBeHHbra  yH-T  hm.  M.B.JIoMOHocoBa 
y HHBepcHTeTCKHH  np-T  13,  MocKBa  119899,  Pocchh 


IlpnMaa  peracTpaiuiH  «cjia6bix»  oSbcktob  b6jih3H  hpkhx  3aTpyn;- 
HHTejibna  H3-3a  3HaHHTejibHoro  4>oiia,  o6ycjioBJieHHoro  flH^paKHHen 
CBeia  Ha  MHKpomepoxoBaTocrax  nepBHHHOH  ohtkkh,  onpaBe  BXoaHoro 
3paiiKa  h  cnaipiepc  TejiecKona.  3tot  (J)oh,  kbk  npaBHJio,  Ha  2-4 
nopaaKa  npcBocxo/iHT  4>oh  He6a.  h  TeMnepaTypHbra  c[)oh  npHeMHHKOB. 
HenaBHHe  ycnexii  TexHojioraH  m  3  foto  bji  e  h hh  cyneprjiaaKHX  noBepxHo- 
CTeH  Ha  nO/UIOXCKaX  H3  K0MH03HHH0HHbIX  MaTepHajIOB  CTHMyjlHpOBajlH 
pa3pa6oTKy  TejiecKona  HOBoro  noKonemia,  KopoHorpa(J)HHecKoro  Tejie- 
cKona,  fljiH  peracTpaHHH  acTpoHOMHqecKHX  o6beKTOB  b  hihpokom  m~ 
HaMHHecKOM  HHanaaone.  npHMeneHHe  cyneprnaaKOH  nepBHHHOH  onTH- 
kh  (RMS  =  5 A.)  h  KopoHorpatJiHqecKHx  aaamopoB  chh3ht  HHCTpy- 
MeHTajibHbiH  4>oh  Ha  2-3  nopapKa  no  cpaBHeHHio  c  (Jjohom  jiyqniHX 
3K3eMmiHpOB  HbiHe  ^eHCTByioiHHx  opSnTaJibHbix  TejiecKonoB.  Flpepjia- 
raeMbra  npoeKT  “OoMajibrayr”  no3BOJiHT  HaaaTb  penieHHe  npHHHHnHajibHo 
hoboh  aapaan,  po  HacToamero  BpeMeHH  He  CTaBHBHieHca  b  3Be3flHbix  acT- 
pOHOMHHeCKHX  KOCMHBeCKMX  HCCJieaOBaHHHXI  o630p  H  MOHHTOpHHT  aCTpO- 
HOMHnecKHX  oGbeKTOB  c  npepejibHO  BbicoKHM  KOHTpacTOM .  IJejib  npoeKTa 
“OoMajibrayT”  -  nojiyaeHHe  cBepXBbicoKOKOHTpacTHbix  H3o6paxceHHH  c  no- 
MoipbK)  KopoHorpa<J)HqecKoro  TejiecKona,  o6ecneimBaioin;ero  yBepeHHoe 
aeTeKTHpoBauHe  “cjia6bix”  oSbeKTOB,  JioKajiH30BaHHbix  Ha  paccToaHHH  O’M 
-  1”.5  ot  apKHX,  OjiecK  KOTOpbix  Ha  13  -  20  3Be3HHbix  BejiHHHH  Sojibine: 
OKOJio3Be3^Hbie  njiaHeTHbie  cHCTeMbi,  KopnaneBbie  KapjiHKH,  njiaHeTHbie 
aTMOC(|>epbI,  cnyTHHKH  aCTepOHflOB,  KOCMHHeCKHH  “Mycop”  H  T.fl.  Ochob- 
Hbie  xapaKTepHCTHKH  KopoHorpa(J)HqecKoro  TejiecKona.  D  =  1000  mm, 
Fc  =  1/15,  nojie  apenna  -  90”  x  90”,  yrjioBoe  pa3pemeHHe  -  0.”07  -  0’M5 
ana  nojia  20”  x  20”,  oaoiaaeMbiH  ypoBeHb  pacceaHHoro  CBeia  Ha  paccToa- 
HHH  1”.5  OT  HeHTpa  PH(])paKHHOHHOH  KapTHHbl  TOaeaHOrO  HCTOHHHKa  - 
10  .  Flo  ou:eHKaM,  m a  oOccneacHHa  oTHomeHHa  ‘‘cHmaji/rnyM”,  paBHoro 
6,  npn  peracTpanHH  cjia6oro  o6beKTa  b  oKpecraocTax  3Be3,nbi  HyjieBOH  Be- 
JIHHHHLI  BpeMa  HHTerpHpOBaHHH  COCTaBHT  20  MHH  npH  pa3HOCTH  3Be3,ZIHbIX 
BejiHaHH,  paBHOH  20. 


A.HepenamyK 


Capabilities  of  Space-borne  Coronagraphic  Telescopes: 

“Fomalhaut”  project 

A.M.  Cherepashchuk,  LS.  Kim,  0.1.  Bougaenko,  I. A.  Gerassimov, 

A.I.  Zakharov,  V.G.  Kornilov,  E.K.  Sheffer 
Sternberg  State  Astronomical  Institute 
Moscow  State  University 
Universitetsky  pr.  13,  Moscow  119899,  Russia 

Direct  detection  of  faint  objects  in  the  vicinity  of  bright  ones  is  difficult 
because  of  significant  caused  by  diffraction  on  entrance  aperture  edges,  spider 
as  well  as  micro-roughness  of  primary  optics  of  a  conventional  telescope.  As 
a  rule,  this  background  exceeds  the  background  caused  by  other  reasons  (sky, 
detectors,  etc.)  at  least  2-4  orders  of  magnitude.  Recent  advances  in 
manufacturing  the  super-smooth  optics  based  on  employment  of  composite 
materials  revived  the  idea  of  a  new  generation  telescope  (coronagraphic 
telescope)  for  high  dynamic  range  recording  the  astronomical  objects.  Super¬ 
smooth  primary  optics  (RMS  —  5 A)  combined  with  the  classical 

coronagraphic  method  results  in  reduction  of  instrumental  background  in  2-3 
orders  of  magnitude  as  compared  with  the  same  of  the  best  up  to  date 
operating  orbital  telescopes,  new  step  of  space  researches  could  be  started  by 
“Fomalhaut”  mission:  high  dynamic  range  monitoring  of  astronomical 
objects.  This  would  allow  direct  detection  of  faint  objects  spaced  0”.5-l”.5 
from  the  bright  ones  when  magnitude  difference  equals  to  13-24: 
circumstellar  planetary  systems,  brown  dwarfs  in  binary  systems,  atmosphere 
planets,  asteroid  satellites,  space  debris,  etc.  Main  parameters  of  a  proposed 
coronagraphic  telescope.  D  =  1000  mm,  Fe  =  1/15,  field  of  view  -  90”x90”, 
angular  resolution  -  0” .07-0”. 15  within  field  of  view  of  20”x20”,  expected 
level  of  scattered  light  -  10“5  at  1”.5  from  the  center  of  diffraction  pattern. 
Estimated  integration  time  is  20  min  to  record  with  “signal-to  noise-ratio  of 
6  a  faint  object  spaced  1”.5  from  the  bright  one  (m  =  0)  when  magnitude 
difference  equals  to  20. 
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Pa6oTa  Ha  opSure  MHoro<j>yHKijHOHajibHbix  MHKpocnyTHHKOB 
Wih  HayHHMx  HccjieflOBaHHH  MATHOH-4  h  MATHOH-5 
b  npoeK're  HHTEPBOJI 
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Ochobhoh  pen  bio  Me>KnyHapoflHoro  KOCMHHecKoro  npoeKTa 
HHTEPBOJI  HBjmeTca  HccjieaoBaime  cojiHeHHo-3eMHbix  cbhbch  b  nacTH 
H3yqeHEM  c()H3HHeCKHX  MexaHM3MOB  nOpOJKZteHHblX  3THMH  CBH3HMH  npH- 
pOflHbDC  HBJieHHH  H  npOpeCCOB,  OTJIHHaiOmHXCH  BbICOKOH  flHHaMHHHOCTblO  H 
MHoroo6pa3HeM.  Oco6eHHOCTbK>  stoto  npoeKTa  HBJiaeTCH  ocymecTBjieirne 
OnHOBpeMCHHblX  H3MepeHMH  Ha  pa3JIMMHbIX  BbICOTaX  RByMfl  napaMH  6jIH3- 
KopacnojioxccHHbix  cnyraHKOB:  ocHOBHbie  cnyTHHKH  rana  nP0rH03 
HHTEPEOJI-1  (“Xboctoboh  sonn”)  h  HHTEPBOJI-2  (“ABpopajibHbiH 
30Hn”)  n  MHKpocnyrHHKH  MATHOH-4  h  MATHOH-5,  co3,naHHbie  b  Hem- 
ckoh  Pecny6jiHKe  b  coTpyararieeTBe  c  pa/ioM  ppyrnx  cTpaH.  Xboctoboh 
3oh/i  h  MATHOH-4  6buih  3anymeHbi  3  aBrycTa  1995r.  b  xboct  Maranro- 
ccfiepbi  Ha  CHJibHo  Bbromyryio  op6my  c  anoreeM  200000  km,  a  ABpopajih- 
HbiH  3oh,zi;  h  MATHOH-5  -  Ha  op6my  c  anoreeM  20000  km;  npn  stom  ohh 
nepeceicaioT  aBpopajibHyio  30Hy  Ha  BbicoTax  5-15  tbic.km,  T.e,  b  oOnacTH 
ycKopeHHH  nacTHU,. 

npoeKT  HHTEPBOJI  HBJweTCH  nepBbiM  Pocchhckhm  Me>KnyHapo/iHbiM 
HayiHWM  npoeKTOM,  B  KOTOpOM  npOBOnaTCH  CHHXpOHHbie  H3MepeHHH  b  ne- 
Tbipex  TonKax  h  b  kotopom  BnepBbie  peajiH30BaHa  n/iea  MHKpocnyTHHKa  znia 
annapaTOB  rana  nPOTH03,  HMetomux  BbicoKo-sjinnTHHecKyio  op6nry  h 
ynpaBjiaeMbix  co  cBoen  oraejibHOH  Ha3eMHOH  crampTH  (cTaHunn  b  naHCKa 
Bee,  Hexira). 

B  flOKjiane  cnenaH  o63op  paSorbi  MHKpocnyTHHKOB  MATHOH-4  h 
MATHOH-5,  npencTaBJieHbi  paHHbie  no  pa6orre  OTaejibHbix  cjiyaceOHbix  ch- 
CTeM,  naHHbie  no  aerpaaapHH  noKpbiTHH  h  apyrne  cBeaemw  06  3thx  mhk- 
pocnyTHHKax. 


K).Aract)OHOB 


rjioSajibHan  MarHHTHan  cteMKa  (npoeKT  YHHMAT) 
B.ELOpaeBCKHH,  B.II.rojiOBKOB,  B.A.Ctjkkkhh 
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Tel:  095-3340121,  Fax:  095-334-124 

Hcxopira  cnyrHHKOBbix  n3MepenHH  reoMarHuraoro  nona  HBJixex  npHMep  ycneui- 
Horo  Hcnojib30BaHHH  Majibix  cnyraHKOB  ajih  pemeiiHn  BaxcueHiiieH  (|)yH,aaMeHxajibHOH  h 
npHRna^HOH  3aaanH  reo$H3HKH.  IIpeAJiaraexcH  KappHiiajibHoe  pemeHHe  3apaHH  MaraHx- 
HOH  CbeMKH  CHCXeMOH  H3  nHTH  MajlblX  HH3KOanOreHHbIX  nyTHHKOB,  Op6HTbI  KOTOpbIX  Bbl- 
opanbi  xaKHM  o6pa30M,  qxo6bi  nonyqHXb  KOHKpeTHoe  peuieHHe  3a«aqH  pa3«ejieHH5r  nojieft 
pa3Hbix  hctomhhkob.  3xo  rjiaBHoe  MarHKTHoe  none  3eMjiH,  none  HaMarHHqeHHbix  Macc 
ropHbix  nopoa:  3Cmhoh  xopbi,  nojie  ManiHxoccfiepHbix  h  HOHCCt^epiibix  xokobmx  cncxeM  h, 
HaKOHep,  HHpypHpoB aHHoe  nocjiepHHM  none  xokob  b  3Cmhok  xope  n  Bepxnen  ManxHH. 
PeuieHHe  sxoh  3apaHH  no3BOJiHx  Hcnonb30Baxb  pe3yjibxaxbi  cbcmkh  hjih  pemeHHH  Ba>KHOH 
npoSneMbi  4)H3hkh  -  reHepaipm  MarHHXHbix  nojieii  b  npiipope,  reoc|)H3HKH  -  cxpoenue  h 
npopeccbi  rnySoKHx  Heap  Hamen  njiauexbi  h  reonorHH  -  cxpoemie  h  3bojiiohhh  scmhoh 
jiHxoc^epbi.  BMecxe  c  xeM  pe3ynbxaxbi  cbcmkh  no3BOjrax  cymecxBeHHO  yjiyquiHXb  xoh- 
Hocxb  MarHHXHbix  Kapx  KaK  fljiH  HyiKfl  reojioropa3BeflKH,  xax  h  pjw  MarHHXHOH  HaBHrapHH 
h  opHeHxapHH  y  3cmhoh  nosepxHoexH  h  b  6nH>KHeM  KOCMOce.  Bee  naxb  cnyxHHKOB 
pojiHCHbi  6bixb  3jieicrp0MarHHXH0  HHexbiMH  h  HfleuxHHHbiMH  no  npnSopHOMy  cocxaBy.  Hx 
Macca  He  6ynex  npeBbimaxb  100-150  kx  h  b  ohhom  H3  BapnaHxoB  ohh  Moryx  6bixb  BbiBe- 
peHbi  Ha  op6HXbi  oaiioh  panexon. 


Magnetic  fields  from  gradient  aerostatic  measurements 
and  from  MAGSAT  satellite  data 

Rotanova  N.M.,  Tsvetkov  Yu.P. 

institute  of  Terrestrial  Magnetism,  Ionosphere  and  Radio  Wave  Propagation, 

Russian  Academy  of  Sciences  (IZMIRAN).  142092,  Troitsk,  Moscow  Region, 

Russia.  Tel.  (095)3340295.  Fax.  (095)3340124. 

The  Earth's  magnetic  field  is  one  of  the  important  phenomenon,  which  is 
used  very  actively  to  study  the  deep  lithospheric  structures  and  their  tectonic 
evolution.  It  is  difficult  to  penetrate  directly  in  the  Earth's  entrails  therefore  the 
great  importance  have  the  results  connected  with  the  unique  experiments.  So  far 
the  best  experimental  information  for  the  study  of  magnetic  fields  from  the  space 
are  the  MAGSAT  satellite  data,  obtained  in  1980,  where  the  scalar  and  vector 
geomagnetic  fields  were  measured  first.  Satellite  data  were  used  by  us  to  solve  the 
problems  in  two  geophysical  directions:  magnetovariational  sounding  of  the  Earth 
and  magnetic  anomaly  fields.  First  using  MAGSAT  satellite  data  have  been  carried 
out  global  sounding,  planetary  geoelectrical  section  have  been  constructed,  it  was 
found  a  conducting  layer  of  about  200  km  thickness  at  the  depth  of  the  transition 
zone.  Results  of  this  research  direction  are  shown  at  Fig.  1  a,b.  It  is  shown  that 
satellite  data  can  be  used  for  the  regional  sounding. 

The  magnetic  crust  fields  has  been  identified  for  the  series  of  the  Earth's 
regions.  In  particular,  for  the  European-Asian  region  scalar  and  vector  maps  of  the 
anomaly  field  are  constructed.  The  space  structure  of  the  such  fields  for  the 
european  region  is  represented  at  Fig.  2.  Series  of  intensive  magnetic  anomalies  is 
extracted  confirming  magnetic  heterogeneity  of  this  region. 

It  is  created  the  analytical  model  of  such  fields  based  on  the  spherical  cap 
harmonic  expansion.  Three  classes  of  the  magnetic  anomalies  having  different 
space  and  amplitude  parameters  has  been  singled  out  on  the  base  of  the  spectral 
analysis  of  the  satellite  passes.  It  is  revealed  the  difference  in  spectrum  for  the 
satellite  passes  crossing  continets  and  oceans.  Many  problems,  based  on  the 
satellite  measurements  are  not  solved  so  far  or  they  demand  supplement  studies. 


Therefore  the  data  realized  on  a  set  of  small  satellites  allow  more  correctly  to  solve 
the  following  problems: 

-  separation  of  the  anomaly  crust  fields  and  study  of  lithospheric  processes 
connected  with  them; 

study  of  inductive  effects,  allowing  to  estimate  geoelectrical  properties  of  the 
Earth; 

-  investigation  of  the  magnetospheric-ionospheric  current  systems. 

Stratospheric  balloon  magnetic  gradinent  syrveys  are  no  less  important 

experiment.  Such  surveys  are  a  new  appoach  of  geomagnetic  measurements, 
which  supplements  satellite  and  aeromagnetic  surveys  and  allows  to  consider  the 
magnetic  anomaly  field  (MAF)  on  the  whole  in  all  near-surface  and  near-earth 
space.  The  IZMIRAN's  specialists  are  shown  for  the  first  time  in  the  world  practice 
experimentally  that  measurements  of  the  magnetic  field  by  there  magnetometers 
spreaded  uniformly  along  the  vertical  line  within  four  kilometers  can  be  carried  out. 
Block-sheme  of  such  experiments  at  20-40  km  altitudes  is  shown  at  Fig.  3. 
Magnetic  measurements  have  been  performed  along  transcontinental  routes  over 
the  Russian  territory  at  the  30  km  altitude.  Example  of  the  geomagnetic  field  for 
the  high  anomalous  Vitim  region  is  given  at  Fig.  4. 

The  use  of  three  magnetometers  allowed  reliably  to  separate  the  MAF  from 
measured  field,  to  obtain  characteristics  of  the  field  decrement  in  the  stratospheric 
layer  and  to  estimate  by  high  accuracy  (~  1  kmi)  the  location  of  positive  and 
negative  zones  of  first  and  second  vertical  derivatives  of  the  MAF.  Physical- 
geological  interpretation  of  stratospheric  balloon  gradient  surveys  proved  on 
significance  of  the  use  ones  for  the  study  of  magnetic  anomalies  and  investigation 
of  the  Earth's  crust  structure.  It  is  shown,  by  comparison  of  ballon,  aero-  and 
satellite  magnetic  surveys,  that  ballon  gradient  magnetic  data  allow  more  reliably 
and  beim-full  to  interpret  the  characteristics  of  regional  magnetic  anomaly  sources 
that  the  use  of  data  of  other  survey  kinds.  The  satellite  data  have  a  preference  for 
the  study  of  global  tectonic  structute  of  the  Earth's  lithosphere.  Thus,  stratospheric 
balloon  magnetic  gradient  surveys  are  presented  important  and  necessary  for  the 
study  of  the  Earth's  crust  structure.  They  successfully  compete  with  aero-  and 
satellite  surveys  and  rationally  supplement  ones. 


Figure  caption 


Fig.  la.  Global  sounding  data  from  ground  magnetic  observatory  data  (blac  circles) 
and  from  satellite  measurements  (light  circles). 

Fig.  1b.  Electrical  conductivity  distribution  found  by  parametric  models. 

Fig.  2.  Anomaly  magnetic  field  over  the  Europe  and  adjacent  regions  using 
MAGSAT  scalar  measurements. 

Fig.  3.  Scheme  of  the  balloon's  suspension  system  with  magnetometric  complex 
(MC):  a  -  prior  to  the  magnetometric  equipment  process;  b,c  -  separation 
of  the  balloon  suspension  system  from  the  descending  part  of  the  MC  at 
the  final  stage  of  flight. 

1  -  Suspended  girder  to  the  stratospheric  balloon. 

2  -  Magnetic  sensor  N1  for  the  magnetometer  N1 . 

3  -  Container  for  the  magnetometer  N1 . 

4  -  Pyrotechnic  bolt  ensures  a  begining  of  descent  of  magnetometer  N1. 

5,  10  -  Brake  -  parachutes. 

6,  1 1  -  Halyard  -  catchings. 

7  -  Magnetic  sensor  N2  for  the  magnetometer  N2. 

8  -  Container  for  the  magnetometer  N2. 

9  -  Pyrotechnic  bolt  ensures  a  beginning  of  descent  of  magnetometer  N2. 

12  -  Magnetic  sensor  N3  for  the  magnetometer  N3. 

13  -  Container  for  the  magnetometer  N3. 

14  -  Pyrotechnic  bolt  ensures  the  separation  of  system  for  the  landing. 

15-  Rescue  -  parachute. 

17  -  Packages  of  flexible  electric  cable  -  rope  for  the  magnetic  sensors 
of  magnetometers  N1  and  N2. 

Fig.  4.  Values  (AT)  of  the  middle  and  upper  magnetometers  (altitudes  27,9  and 
30  km  accordingly)  using  momentary  measurements  of  the  geomagnetic 
field  (curve  1),  their  smoothing  values  (curve  2),  normal  geomagnetic  field 
(curve  3),  calculated  from  IGRF  model,  measured  field  values  (T)  (curve  4) 
and  values  of  the  normal  magnetic  field  from  IGRF  model  with  the  bars 
(curve  5). 


CmcrreMa  MHKpocnyranKOB  jxsin  reo(J)H3HaecKHx 
HCCjieAOBaHHH  “3cxacf)exa” 

B.H.OpaeBCKHM,  B.A.AjieKceeB,  B.n.rojioBKOB, 
B.IO.IOienHKOB,  A.H.CTenaHOB 

Hhcthtyt  3eMHoro  MarHexH3Ma,  Monoc^epti  h  pacnpocxpaHemia 
pa^MOBOJiH  Pocchhckoh  aKaneMHH  HayK  (M3MMPAH) 

142092,  MocKOBCKaa  o6ji.,  r.Tpomnc,  H3MHPAH 
Teji.:  334-09-28,  $>zkc:  334-01-24 

Jinn  HayneHMa  h  rjioOajibHoro  MOHHXopHHra  3eMjin  h  OKOJio3eMHoro 
npocTpaHCTBa  M3MMPAH  co3ftaex  MHoronejieByio  cncxeMy  cnyxHMKOB  c 
Ha3eMHOH  HH(J)pacTpyKTypoH.  OnTHMajitHaa  ciicxeMa  cocxohx  H3 
32  MHKpocnyTHHKOB  BecoM  50-100  kP  Ha  KpyroBbix  opSnxax  c 
HaKJioHeHHeM  90°  b  4-x  paaBepHiyrbix  Ha  45°  no  oTHoineHHio  o/ma  k  zipyrott 
roiocKocxax.  CncTeMa  mokct  actxfreKXHBHO  pa6oxaxb  yace  ripn 
4-x  cnyTHHKax  Ha  opSnxe. 

CoraacHO  Oe^epajibHon  kocmhhcckoh  nporpaMMe  nepBbie  KA  Oyayx 
BbiBe/ieHbJ  b  IY  kb.  1999r.  rpynnoBbiM  MexoaoM  hjih  nonyrHbiMH 
3anycKaMH. 

CosasaBaeMaa  CHCTeMa  “SicxacJjexa”  BKjnoaaex,  KpoMe  opGHxajibHOH 
rpynnHpoBKH,  cexb  Ha3eMHbix  cxbhhhh  c  nponycKHOH  cnoco6HocxbFO  ox 
100  k6hx/c  (npn  4-x  KA)  ,no  1  m6mx/c  (npn  32  KA). 


B.OpaeBCKHH 


The  “Relay  Race”  Microsatellite  System  for  Geophysical  Researches 

V.N.Oraevsky,  V.AAlexeev,  V.P.Golovkov,  V. Yu. Klepikov,  A.I. Stepanov 
Institute  of  Terresstrial  Magnetism,  Ionosphere  and  Radio  Wave  Propagation 
of  the  Russian  Academy  of  Sciences  (IZMIRAN) 

142092,  Troitsk,  Moscow  region,  IZMIRAN 
Phone:  334-09-28,  fax:  334-01-24 

For  decision  of  problems  of  research  and  global  monitoring  of  the  Earth 
and  near-earth  space  environment  IZMIRAN  carries  out  the  work  on  crea¬ 
tion  mulyitarget  satellite  system  with  a  ground  infrastructure.  The  optimum 
orbital  constellation  consists  of  32  microsatellites  of  weight  of  50-100  kgs 
with  inclination  of  circular  orbits  about  90  degrees  in  four  planes,  turned  on 
45  degrees  each  to  other.  The  system  together  with  a  ground  infrastructure  is 
created  step  by  step  during  3  years:  with  total  expenses  about  40  millions  of 
US  dollars.  The  effective  work  of  system  is  possible  already  at  4  satellites  in 
an  orbital  constellation.  The  launch  of  the  satellites  on  an  orbit  will  be  car¬ 
ried  out  by  a  group  method  by  conversion  missiles  (“Start”,  “Rokot”, 
“Shtill”)  or  by  passing  launches.  According  to  the  Federal  Space  Program  the 
first  satellites  of  the  system  is  planned  to  start  in  IV  quarter  of  1999. 

On  base  of  microsatellite  system  the  global  computer  communication 
system  “Relay  Race”  is  created  including  besides  an  orbital  constellation  of 
the  microsatellites  the  network  of  retranslation  ground  stations  allowing  to 
provide  the  continuous  communication  data  rate  of  the  information  from 
lOOkbit/s  (at  4  satellites)  up  to  1  Mbit/s  (at  32  satellites). 


V.N.Oraevsky 


KHM-  h  OHM-  s.ieicrpoMarnH  i  HLiH  (j)on  bo  BHeiimeH  noHoc<j>cpc  iia/i 
ceHCMoam  HBiibiM h  paifOnaMif  hi  ero  iipiiMCHeHwe  ijih  MOHmopiima  3eM- 
.  lei  piiceiiRH  c  Hcnojib30BaHneM  iwajibix  cnyTHHKOB 

K).M.MHxaitnoB,  r.A.MHxaHJiOBa,  O.B.KanycxHHa 
H3MHPAH 

142092  r.TpoHUK  Mockobckoh  o6jx. 

AexajibHO  HCCJie^OBaHbi  aMiurHiy^Hue  cneicrpw  cbhctjhuhx  arMOC^epUKOB, 
Ha6jiK>/iaeMt.ix  Ha  HC3  «HHxepKoc  moc-24»  npH  npojieTe  naa  ceitcMoaKTHBHMMH  30- 
HaMH  (L  =  1,5  T  1,9)  B  pa3JlHHHMX  reO(|)H3HlieCKHX  yCJIOBHaX.  Ek>  HHTeHCHBHOCTH 
curaajiOB  h  xapaKTepy  hx  cneicrpoB  noxasaHO  Ha  6ojibinoM  o6bewe  Aaurnax,  hto  b 
nepHOA  noaroTOBKH  3eMjieTpjiceHHH  npH  Kp  <  3  npoBOAHMOCTb  D-o6jiacra  B03pacTa- 
ex,  a  npH  reoMaraHTHbix  BOiiMvmeHHjix  yMCHbiiiacTca.  IIpe^nojiaraeTca,  mto  cchcmh- 
necKHH  3(|)i})eKT  CBssan  c  yBejraqeHHeM  iipoboahmocth  nproeMHOH  aiMOC(|)epbi  b  pe- 
3yjibTaTe  paAHoaKTHBHoro  iKJiyneHHM  (pa^oHa)  b  nepHOA  TpemHHOo6pa30BaHHa,  a 
reoMarHHTHbiH  -  c  BbicbinamieM  BbicoKOXHcpi  MHHbix  qacxHH  H3  BHyxpeHHero  paawa- 
HHOHHoro  noaca. 

Jim  o6HapyaceHHS  H^-BonnoBbix  3<j)(J)ctcTOB  ceftcMuqecKOH  npHpo^bj  npe^no- 
jiaraeTCfl  Hcnonb30BaTb  Majibie  cnyTHHKH,  KOTOpbie  MoryT  aanycKaibca  Ha  op6my  ny- 
TeM  OTucjieHHH  ox  6ojibuiHx  cnyTHHKOB,  a  Tajojce  npH  cxapTe  paxei  c  MopcKnx  njiaT- 
(JjopM.  Majibie  cnyTHHKH  Moryr  HMerb  npeHMyujecTBa  c  tohkh  3peHH»  hx  sjieiapo- 
MarHHTHOH  hhctotbi,  OAHaKo  HeMajioBaacHOH  3aAaneH  BBjiaeTca  o6ecneneHHe  Ha/yie- 
acaiHHx  jiexHbix  xapaicrepHCTHK  sthx  cnyTHHKOB,  tekhx,  KaK  BpeMa  mch3hh  h  Haae>K- 
Hocxb  ynpaejieHHH,  a  TaioKe  B03M0acH0CTb  AocTaTOHHO  tobhofo  onpeAejieHHH  op6n- 
TajibHbix  napaMerpoB  h  opHeHTannw 

BBeAeHHe 

Ana  HCCJieAOBciHHH  KH1!-  h  OHH-3jieKTpoMarHHTHoro  (j)OHa  bo  BHeiiiHen  HOHOC(f>epe 
HcnojTb30BaHbi  paHHbie  Ha6jnoA'3HHH  cBHCTjnpHx  aTMoc^epHKOB  (CA),  nojiyneHHbie  Ha  HC3 
«HHTepKOCMOc-24»  npn  npojieTe  ero  Ha,T  ceHCMoafcmBHbiMH  paftonaMH,  H3bcctho,  hto  b 
CHraajiax  CA  MaKCHMyM  aHepnin  npHxoAHrcs  Ha  qacTora  f  <  3  kTu;  (KHH)  h  f  ~  5-8  kTh 


(OHH)  [1],  XapaKTepHCTHKH  pacnpocTpaHerow  ajieKTpOMar hhthmx  bojih  sthx  AnanasoiioB 
b  BOJiHGBO/ie  3eMjia-HOHOc(|)epa  h  npoxojKAemie  hx  bo  BHemmoio  HOHOc<J>epy  onpepejiaiOT- 
ca,  raaBHBIM  o6pa30M,  (j>H3HqeCKHMH  CBOHCTBaMH  HHXCHeH  HOHOC^epbl  (D-o6jiaCTbK)  AHeM 
H  E-o6j[aCTbK)  HOHBlo)  [2],  B  3TOH  CB»3H  IJlHpOKOnOJIOCHbie  CIiyTHHKOBbie  3anHCH  CBHCTfl- 
ipnx  aTMOC(j)epHKOB  cjiepyeT  paccMaipuBaTB  Kate  kocbchhoc  cpepcTBO  H3yneHHa  tOMeHeHHH 
CBOHCTB  HtOKHeM  HOHOC(J)epbI  B  pa3JIHBHLIX  reO(J)H3HlieCiaiX  yCJIOBRHX,  BKJTIOBaa  CeHCMHHe- 
CKyio  afrrnBHOCTi»,  B  pa6oTe  [3]  BnepBwe  ncnoJib30BaHLi  mnpoKonoaocHbie  aarwcn  KIT?-  h 
OIW-HSJiyaeHHH  bo  BpeMa  HpancKoro  3eMJieTpacemw  b  moHe  1990  r.  c  HC3 
«Hutcpxocmoc-24»  .  CnyTHHK  npojieTaji  nap  3toh  c^HCMoaKTHBHOH  oOjiacTbio  nepe3  4  h  no- 
cjre  rjiaBHoro  Tomica  c  MarmnypoH  Mp  =  6,7  h  onepeacaji  cepwio  noBTopHbix  tojimkob  Ha  2 
q  c  Mp  =  5,0,  Ha  3,5  q  c  Mp  =  6,1  h  Ha  6  h  c  Mp  =5,4,  no3TOMy  anoMajibHbie  3$$eKTbi  b 
cnexipax  H3JiyqeHHfi  npoaBHJiHCb  HaH6ojiee  apico*. 

HacToamaa  paOoTa  aBjiaerca  npopojiaceHHeM  HCCJiepoBaHHH  h3mohohhh  D-o6jiacTH 
noHoc<j)epbi  b  noAroTOBHTejibHyK)  (Jta3y  3eMjieTpaceiiHH  no  cneKTpaM  CA,  HaGaiopaeMbrx  b 
uiHpoKO  noaocHbix  aanncax  Ha  HC3  «HHTepKOCMOC-24»,  ho  no  6ojibineMy  o6i>eMy  3Kcne- 
pnvfeHTajibHbix  aaunbix.  J\nn  cpaBHerora  paccMOTpeHbi  aMnjurryAHbie  cneicrpbi  CA  b  Mar- 
HHTOaKTOBHbie  H  CnOKOHHbie  nepHOflbl  B  OTCyTCTBHe  CeHCMHqeCKOH  aKTHBHOCTH. 

HcxoflHbie  paHHbie  h  MeTOflHica  hx  o6pa6oTKH 

fljia  H3yqeHna  OTKjiHKa  HnacneH  HOHOc<j>epbi  Ha  3eMjieTpsceHHa  Hcnojib30BaHbi  uih- 
poiconojiocHbie  3anncH  3JieKTpHqecKOH  KOMnoHemti  sneierpoMaraHTHoro  nojia,  noJiyneH- 
Hbie  Ha  npHeMHOM  nyHKTe:  H3MHP./VH  (p  =  55,5°N  X  =  37,3°E  c  HC3  «HHTepKOCMOC-24». 
^jia  3Toro  npHeMHoro  nymcra  30Ha  peahobhahmocth  npociHpaaacb  no  nmpoTe  ot  25  ao 
80°N,  a  no  aoarore  -  ot  340°W  ao  80°E,  BKjnonaa  b  ce6a  me  HanOonee  cencMoaKTHBHbie 
o6aacTH:  CpeAH3eMHoe  Mope  h  KaBKa3  c  HpaHOM.  Corjiacuo  aanubiM  xaTaaora  [7],  npe- 
AejibHbie  KOopAHHaTbi  anHiJteHTpoB  aeMJieTpaceHHH,  HMeBinnx  MecTO  b  1990-1992  r.r.,  6wjih 
cjieAyioniHe:  (pniax  =  45°N;  (pnnn  =  34°N,  X  =  10-31°E,  L  =  1,35-1,85  aaa  nepBoil  o6jiacra  h 
9max  =  43°N;  (pmin  =  27,5°N;  X  =  43,5-58°E,  L  =  1,3-1,85  -  at*  Btopon.  floaroMy  aaa  o6pa- 


*  no  aaHHbiM  Ha3eMHbix  Ha6jno^eHH!H  [4-6]  b  nepnofl  no^roTOBKH  3eMjierpaceHnii  3a  HecKOJibKO  nacoB  30 
cyroK  HMejiH  Mecro  aHOinajibHo  BbicoKne  nacTOTbi  cJieflOBamifl  h  khtchchbhocth  aTMOc^epHKOB. 


6otkh  0T6fipaJiHC&  3arracH,  nojiyneHHbre  Ha  opSmrax,  npoetajpufl  KOTopwx  no  umpoTe  npo- 
cxHpajraci.  b  npe^ejiax  25-45°N,  T.e.  b  HHTepBajie  L-o6ojioneK  1,3- 1,9. 

fljra  BbinojmeHHB  ACTajibHOH  ijjnjjipoBOH  o6pa6oTKH  aHajJoroBbie  cHircajibr  c  Marrm- 
TO(j)OHHOH  JieHTbl  BBOAHJIHCb  B  KOMHblOTep.  CneKTpaJIbHO-BJKJMeHHOH  aHaJIH3  BBe^eHHblX 

3anHceH  BbinojiHjmcfl  mctoaom  cKOjn>3Hinero  BpeMeHHoro  «oicHa»  ajinrejibHOCTbio  ~  25  mc 
b  ^Hana30He  nacTOT  0-  ~14  kTh,  b  pe3yjibTaTe  KOToporo  onpeaemmacb  UHcJjpoBaa  cneicrpo- 
rpaMMa,  T.e.  3aBHCHMOCTb  f(t).  O/jHOBpeMeHHO  oneunBanacb  cneKTpajibHaa  nnoxHocTb  Maic- 
CHMyMa  S2mJfmax,t).  flajiee  no  icpraon  f(t)  B6jin3n  /max  no  flByM  towm  no  o6e  CTOpOHbi 
oueHHBajiacb  /mcnepcua  D  b  npeflnojiOHceHHn  npHMeHHMOCTH  3aKOHa  3KKepcjiea,  D=  t,H f. 


Phc.1.  rioanncn  k  pnc.  k  ct.  IO.M  MnxaHJioBa  n  np.  «KHtJ-  h  OH1?- 
iJICKTpO  ManiHTHblH  (JlOH  BO  BHeiHHeH  HOHOCC|)epe  Haa  CeHCMOaKTHBHbIMH  paii- 
OHaMH  EBponbi  (HC3  «HHTepKOCMOc-24»)» 


C.neayioiuHH  axan  o6pa6oxKK  -  axo  nojiyneHHe  cxaxncxmecKoro  pacnpejiejieHHs 
MacTOT  MaKCHMyMOB  H  oTHOcuTCJibHOH  makcm m aa i>hoh  cnexipaAbHOH  haoxhocxh  b  cnex- 
Tpax  CA  fljxa  KaxcAoro  rrpojieTa  cnyxHHKa. 

nocKOJiticy  B  paccMaTpiiBaeMbift  nepnoa  1990-1992  r.r.  HaH6oJiee  Mourooe  ceBcMH- 
HecKoe  aojieiiHC  kok  no  KHienCMMiocm,  tbk  h  no  npoflOJUKmoJibHoc™  npoHSOUino  b  HpaHe 
c  20  no  28  mom  1990  r.,  to  ochobhoc  BHHMaHne  b  aHajiH3e  flamx  yneneno  hmohho  3to- 
My  nepnoay.  CoraacHO  AaHHbiM  [7],  b  3tot  nepnoA  hmcjio  mccto  16  noBXopmix  tojimkob  c 
Mp  ot  4,8  ao  6,1  h  okojio  60  c  Mp  <  4,8.  PacnpcACAcmie  owob  aeMAexpAcem®  b  nepnofl 
1990-1992  r.r.  b  30He  paAHOBHAHMOCXH  HC3  «HtrrepKOCMOC-24»  b  npneMHOM  nymcre  npn- 
Be/ieHO  Ha  puc.  1 . 

OcHOBHtie  pe3ynbxaxbi 

^jih  HCCJie«OBaHm  noBeAemra  B-cjioa  HOHGc^epbi  b  nepnoAbi  hoatoxobkh  seime- 
xpaceHHH  H  BbICOKOIP  MarHHTHOH  aKTHBHOCTH  6bJJIO  oxo6pano  53  BHTKa  npH  nponeTC  cnyx- 
HHKa  B  nmpoKOH  noAoce  aoapox  ox  350°W  ao  65°E,  ho  npeHMymecxeeHHO  b  nepnoA  epe- 
MeHH,  BKJHOHaiomHi'T  coObixm  MpaucKoro  3eMjiexp«ceHHa  1990  r.  M3  hhx  oxasanocb  10 
bhxkob  npH  Kp  <  3,  ho  b  oxcyxcxBHe  aeMAexpacemm.  IIocicojibKy  K03$<])HipHeHXbi  aaxyxa- 
HHfl  OHH-boah  ajih  HeoObiKH oBeHHofl  nompmamm  npH  npoxoxqpeHHH  bo  BHeunnoio  ho- 
Hoc^epy  H3  BOJiHOBOAa  3eMiw-HOHOO$epa  MaKCHMajn>Hbi  Ha  Bbicoxax  h  ~  60-90  km  h 
yMeHbinaioxca  no  BeArnmne  Ha  xpn  nopAAKa  Ha  h~  1000  km  [2],  b  o6pa6oxKy  6bum  bkaio- 

tjeiibi  Bee  CA,  Ha6AiOAaeMbie  Ha  h~  700-2400  km. 

CnoKouHbiu  (pon,  Kp  <  3,  mm  3eM.nempHce.Huu.  HanOoxee  MHxepecHbie  A m  aHaAH3a 
-  3TO  HacxHHHO-AncnepinpoBaHHbie  CA,  pia6AK>AaeMbie  b  yxpeHHee  h  AneBHoe  MecxHoe 
Bpern,  KorAa  b  cyxonHOM  xoAe  rposoBofi  aKXHBHoexH  h  ypoism  axMoc^epnux  noMex  okoao 
3eMHOH  noBepxHoexH  Ha6AK)Aaexca  MHHHMyM,  6oAee  rnyOoicHH  b  yxpeHHee  BpeMa.  3xh  3a- 
KOHOMepHocxH  npoABHAHCb  Ha  cnyxHHKe,  KorAa  npw  Kp  <  3  b  ceHCMOcnoKOHHbix  ycAOBmx 
Ha  Bbicoxax  ao  2400  km  qacxmHO-AHcneprapoBaHHbie  CA  nesaBHCHMO  ox  AOAroxw  ah6o  He 
Ha6 AioAaAHCb  cobccm,  ah6o  oneiib  peAKO  (ao  4  mhh  ')  h  cAa6on  HHxeHCHBHoexn,  npmieM  b 
hx  cneKxpax  npHcyxcxByiox  toabko  K1  W-KOMnoncHXbi  b  noAoce  nacxox  ox  200  Tip  ao  2 
kTh.  B  yxpeHHee  speMA  na  Bcex  op6axax  Ha6AiOAaAHCb  KHM-wnneum  b  nonoce  nacxox 
400-500  Tip.  HaA  CpeAmeMHbiM  MopeM  b  nepwoA  MaKCHManbHOH  ceaoHHOM  rpo30BOH  ax- 


thbhocth  (Maw  M-q)  flono.nHHTejibHo  Ha6jnoqajTC«  h  BTopow  MaKCHMyM  b  cneiope  nacxHH- 
Ho-flHcneprapoBaHHbix  CA,  ho  6ojiee  cjia6oM  hhxchchbhoch  no  cpaBHeHHio  c  KH1!.  B  ne- 
pnofl  nepeq  aaxoqoM  CojiHqa  Boapacraer  nacxora  cjre^oBaHHsr  h  HHxeHCHBHoexb  CA  no 
CpaBHeHHio  C  VTpeHHHM  H  BHCBHMM  BpeMCHeM. 

/  eoMCh'iumitbie  o(pfpei<mbi  e  D-odjtacmu.  /{jib  oqenjRH  reoMarHHTHMx  3(}((})eKT0B  b 
D-o6jiacrn  nonoc^epw  Ha  cxojib  hhskhx  L-o6ojiOHKax  (1,4  <  L  <2)  6mj in  pacqMoxpeHbi  flBa 
nepnofla  bmcokoh  reoMaraHTnon  aKTHBHOcxH:  19-21  Maa  1990  r.  n  22-23  aBrycTa  1990  r. 
npn  Kp  ~  5-6.  AHajno  flamiiax  b  am  nepnoqbi  noKa3aji  caeayioinee:  Bo-nepBbix,  na6jnofla- 
jihcb  HCKiiionmejibHO  nacTHqHO-^HcneprnpoBaHH&ie  CA,  b  aMmmxyBHbix  cnenpax  koto- 
pMx  npncyTCTBOBajiH  tojibko  KHH-KOMnoHeHTu  c  BepxHen  nacxoxon  OTcenjcn  ~  0,7- 1,5 
kTp,  T.e.  HJDKe,  neM  b  curnajiax  b  cnoKOHHtix  ycjiOBnax.  C'jieBbi  3xhx  cnmairoB  Ha  f(t)~ 
cneKxporpaMMax  6m;ih  chjibho  BHtJ><|>y3m>iMH.  C  yMei«,uienneM  Kp-nqaeKca  nacToxa  cjie- 
BOBamw  CA  (-6-8  MHH  ^npaKXHMecKH  ne  H3Memuiacb,  ho  pacmupajica  KfTC-cneicrp  b  o6- 
Jiacxt  6ojiee  blicokhx  nacxox  (bo  2  KTq).  Ha  Bcex  Buxicax  npif  Kp  >  3  HaOmoBanHCb  KHH- 
umneHUB  b  noaoce  300-400  Fq. 

CeiicM03(})(peKmbi  e  D-odnacmu.  Ebijih  npoaHajiH3HpoBaHi>i  cneKxpw  CA  Ha  7  npo- 
Jiexax  cnyxHHKa  b  nepnoB  c  21.06.  no  29.06.1990  r.  1  npojiex  naq  CpejmaeMHHM  wopeM 
1 8.01 .1990  r.,  1  npojiex  Ha#  PyMbiHHeit  29.05. 1990  r.  b  noBroxoBHxejibHyio  <|)a3y  3eMjiexp«- 
ceHHfi.  AHajiH3  aMnjiHTyjqiwx  cnexxpoB  CA  noica3an  cjiCByioiqee:  Bo-nepBbix,  pacmnpeHne 
KHH-cneKxpoB  b  o6aacxb  6oaee  BbicoicHx  no  cpaBHeHHio  co  chokohhbim  (Jjohom,  nacxox  (bo 
3  kTh);  BO-Bxopbix,  noflBJieHHe  cneiopajibHbix  KOMnoHeHT  b  OHH-aHaqa30iic;  B-xpexbnx, 
HaOjnoBeHHe  eBumnnibix  nacxHHHo-BHcneprH-poBaHHbrx  CA  anoMajibHo  bbicokoh  hhxch- 
chbhocxh  {(SmJSa)2  -  8}  c  mnpoKHM  cneicrpoM  AF  =  100  -10000  Tq  6e3  mmhhmymq  m 
nacxoxax  2-3  KFq,  xapaicrepHoro  fljia  cneicrpoB  axMoccJjepuKOB,  HaOjnoqaeMbix  b  bojihobobc 
3eMjw-HOHOc(^epa;  b  BSiepnee  Bpewa  3xh  CA  conpOBoacqajiHCb  axo-CHraanaMH,  oxpaxceH- 
HbiMH  b  iojkhom  noaymapHH,  mto  yica3biBaex  na  o6pa30BaHne  MarHHXoc<J>epHbix  icaHanoB 
Haq  ceHCMoaKXHBHMMH  30HaMH  b  noBroxoBHxejibHyio  <j)a3y  3eMjiexpaceHHH. 


B  KaqecTBe  HjijnocTpa-  N/NTOX 
P™  Ha  pnc.2,a  npHBe^eH&i  10 
KpHBtie  pacnpe^ejicuM  HacTor 
MaKCHMyMOB  b  cneicipax  qac:- 
THHHO-flucneprHpoBaHHbix  CA  0  5 
c  AHCiiepcHeM  D  <  20,  HopMn- 
poBaHHBie  k  cyMMapnoiviy  ko- 
JIHHeCTBy  MaKCHMyMOB  JJJlSi  0.0 
Tpex  pauiHHHBix  reo^)H3HHe“ 

CKHX  yCJIOBHH:  CnOKOHHBIH  {j)OH 
-  2  =  69;  reoMaraHTHaa  aKTHB-  70 
Hocrt  -  2  =  54  h  ceHCMH’ie-  6o 
cKax  aKTHBHocrb  -2  =  300.  Ha  50 
pnc.2,6  noKa3aHo  pacnpe^eae-  40 

30 

HHe  OTHOCHXCJIBHOH  HHTCHCHB- 

20 

HOCTH  MaKCHMyMOB  JIB  TCX  >KC 

reo4>H3HHeCKHX  yCJIOBHH.  H  B  10 

0 

BBiSopoHHMx  npojieTax,  h  b 

racTorpaMMax  pacnpe^eaetiHa  S^/S2 

tctko  HpocjiejKHBaeTca  o6maa  Pmc2  rHCTOrPaMMBi  pacnpe.qejieHHs  toctot  m3kch- 
aaKOHOMepHocTt:  yMem,ineHHe  MyM°B  B  CneKTpe  CBHCT™  axMoc^epHKOB  (a)  h  ot- 
BepXHCH  qaCTOTbl  KHH-  H0CH1  ejlI>HoK  HHTeHCHBHOCTH  3THX  MaKCHMyMOB  (6)  B 
cneicrpoB  npH  Kp  >  3  h  yBejm-  CITOKO®HMX  ycjIOBHax  npn  Kp  <  3  (cmiom-Haji  jihhhb); 
Henne  ee  b  cchcmkhcckh  ax-  <  3,  ho  b  ce JfCMoaKTHBHMii  nepHOA 

tobhbih  nepnofl  no  cpaBHemno  ^mTpHX0Baa  nP«  Kp  >  3  b  OTcyrcTBHe  3eMJie- 

CO  CnOKOHHBIMH  (J)OHOBLIMH  TP5,CeHH“  (uJXpHX-nyHKIHpHaJI  J7HHHX). 

3HaqeHH«MH;  noHBjieuHe  aonojiHHxeabHbrx  MaKCHMyMOB  na  qacroxax  Bbirne  3  kTp  b  cefic- 
MoaKTHBHbi e  nepHOflw.  BMecxe  c  xeM  hct  chjibhoh  sasHCHMoexH  hhichchbhocth  CA  ot  yc- 
bobhh  B  D-o6aacTH  HOHoc^epw,  a  yBejiHneHHe  KOHHnecxBa  CA  b  ceHCMoajcraBHMH  nepnoa 
npoHcxo^HT  3a  cnex  cnafiux  cnmaaoB  (anoMajibHo  chbbhmc  e^HHHHHbie  CA  npH  nodpoe- 
hjih  pacnpe,qejieHHH  HcicrnoqeHbi). 


OOcyxcAemie  pe3yabTaTOB 


ripHBCzicHHMe  Bbirne  perynbraTLi  noKa3ajm,  hto  b  OTcyrcTBHe  ceiicMHHecKHx  h  reo- 
MarHHTHtix  B03MymeHHH  b  oc-BemeHHoe  BpeMa  cyTOK  Ha  BbicoTax  700-2400  km  Ha6ino#a- 
k)tc»  HacTHqHO-flHcneprH-poBaHHbie  CA,  b  cneicrpax  KOTOpwx  npeo6naaaK>T  KHH- 
KOMnOHeH-TM.  Haa  CpeflH3eMHUM  MOpCM  B  nepHOatl  M 3KCHM ajIU IOH  rp030B0H  aKTHBHOCTH 
b  cneicrpax  aneBHbix  CA  aonojiHHiejTbHO  HaGjuoaaJOTca  h  OH^-KOMnoHeHTbi,  ho  6ojiee 
cjiaOue  no  cpaBHeHHio  c  KHM-KOM-noHeHTaMH.  3to  03Haqaer,  hto  a«eM  nprr  npoxoacaeHHH 
bo  BHemHioK)  HOHOc^epy  Oir^-BOJiHbi  HcnbiTbiBafOT  6oaee  CHjitHoe  3aTyxaHHe  no  cpaBHe- 
hhk)  c  KFR-BOJiHaMM.  3tot  libiBoa  xoporno  corjiacyeTca  c  pe3yjn>TaTaMH  xeopeTHnecKHx 
pacirexoB[8],  corjiacno  KoropuM  Koa^^nimeHTw  npoxoiKaemra  aaeKTpoMarHHTHbix  boot  b 
anana30He  qacroT  1-30  kT p  hohmo  hmoiot  MaKCHMyM  Ha/=  5  kTu  h  caa6o  H3MeH5HOTca  no 
o6e  CTOfJOHM  ot  Hero.  /{hcm  xce,  BO-nepBbix,  KoatjH^nnneHT  irTpoxoacaemui  no  BeanHHHe  Ha 
nopaaoK  HHace,  neM  hohmo,  h,  bo-btophx,  Oyayro  MaKCHManbHbiM  Ha  nacTOTC  4  kFu;  (pan 
onpeaejieHHOH  Moaejra  HOHOC<]>epbi),  nocjieaoBaTejibHO  yMeHtmaerca  c  qacTOTOH,  HanpH- 
Mep,  b  5  pa3  Ha/~  15  kTu  C  poctom  3aTyxaHH»  b  D-o6aaciH  3Ta  xpoBaa  CMemaeTca  k  6o- 
aee  hh3khm  qacTOTaw, 

Mcxoaa  H3  nocjieanero  BbiBOpa  reopHH,  moxcho  KanecTBeHHO  oObHCHHTb  xapaicrep 
aMnjiHTyaHbix  cneicipOB  b  ceiicMoaKTHBHbie  h  MarHHToaKiHBHbie  nepnoaw  CMemeime 
BepxHCH  nacTOTbi  KHH-KOMnoHeHT  cneicrpa  qacTHHHO-aHcneprnpOBaHHbix  CA  b  noaroTO- 
BHxejibHyio  4>a3y  3eMjierpjiceHHH  h  noHBaeHHe  b  hx  cneicrpax  OH1!-  KOMnoHeHT  yKa3bmaer 
Ha  ocaaOaeHne  saTyxaHns  sthx  bo  ah  npn  hx  npoxoxcaeHHM  bo  BHeniHKWo  nonocijiepy.  C 
Poctom  reoMarHHTHOH  aKTHBHOCTH  Bcp;oiaa  nacroTa  b  KH1!-  cneicrpax  CA  nocaeaosaTeab- 
ho  yMeHbiuaeTCH  h  npn  Kp  ~  6  ct3hobhtch  MeHee  1  icTp.  3to  yKa3MBaeT  Ha  ycHaeHHe  3aTy- 
xaHHa  KHH-boah  npn  hx  npoxosKaemni  bo  bhciuhiok)  HOHocijiepy.  Orcioaa  caeayeT,  hto 
oSaacrb  D  HOHOc^epw  b  nepKopbr  cencMHaecKon  h  reoMarHHTHOH  aicmBHocTeH  moahcJw- 
UHpyercK  pa3HbiMH  aremaMH.  B  nepnoa  reoMaraHTHbix  B03MyineHHH  raaBHbiM  areHTOM, 
yMeHbinaiounfM  npoisoanMOCTb  D-o6aacTH,  hbjjhiotch  noroKw  BMC0K03HeprHHHbix  aaeK- 
TpOHOB,  KOTOpbie  Bbl3bIBaiOT  aOnOaHHTeabHyK)  HOHH3anHK)  B  HHXCIieH  MOHOCfjiepe. 


3araiK>4eHne 


/IH£UIH3  aMnjiHiyAHbix  cneiapoB  qacxHqHO-pHcnepnipoBaHHbix  CBHCxaipHx  axMo- 
ciJjepHKOB,  Ha6jiK)flaeMbix  Ha  HC3  Hhxcpkocmoc-24  b  ocBeuiemioe  BpeMa  cyroK  b  pa3jwq- 
Hbix  reoc{)H3H4ecKHx  ycnofiHsx  noicasaji  cjTe/iyioinee: 

1.  B  cnoKOHHbiH  nepnop  b  OTcyrcTBHe  cchcmhhcckhx  h  reoMarHHTHtix  B03MymeHHH  b 
cnempax  carHajioB  HaOptopaforca  npeHMymecTBeHHo  KIBI-KOMnoHeHXM  if  <  3  kTh)  c 
BepxHefl  uacTOToii  arceaKH  £  ~  1,5  kF h.  3tot  pe3yjibxax  xoporno  coraacyexea  c  xeopexnqe- 
ckhmh  npeflCTaBJiemwMH  o  cbohctbslx  npoxoacpeHrer  KHH-  ii  OHH-bojih  bo  BHemmoFo  ho- 
Hoc<j)epy  H3  BOJiHOBO.ua  3eMjiH-HOHoctJ)epa 

2.  C  poctom  reoMar-HHTHOH  aicraBHOCxH  Bepxnaa  qacxoxa  orceqicH  KlW-KOMiiOHeHT 
CMeipaexca  k  6ojiee  hh3khm  qacxoxaM  (700-1000  Fp),  qxo  yKa3MBaex,  corjiacHO  xeopexH- 
qecwuM  npepcxaBjieHRaM,  Ha  ycwieraie  3aiyxaHHH  KHH-Bojra  npn  hx  npoxoacperom  qepe3 
D-cpoh  H0H0C(J)epi>i. 

3.  B  ceHCMoaKTHEHWH  nepnop  b  noflroTOBHTejiBHyK)  t|)a3y  3eMjieTp»ceHHH  b  cneicrpax 
cbhctbihhx  aTMOc^epHKOB  Ha6jnopaexca  CMeipeHne  Bepxjieii  qacxoxbi  oTceqKH  KFR- 
KOMnoHeHT,  HaoOopox,  k  Oojiee  bwcokhm  qacToxaM  (2,5  -  3  kTh)  «  noaBjieHHe  OFFI-KOMno- 
HeHT,  T.e.  ocjiaOjieHHe;  3aiyxaHna  KHlI-  h  OH^-bojih  npn  hx  npoxoacpeHHH  qepe3  D-cjioh. 

TaKHM  o6pa30M,  BwnojiHeHHBiif  anajiH3  aMnpinypHbix  cneicrpoB  cbmcthuihx  axMoctjie- 
Phkob  no3BOJiiui  nexxo  pa3pejmxb  ceHCMHqecKHe  H  reoMarHHXHbie  a^eicxbi  b  D-o6jiacxH 
HOHOC(j>epbl.  IIOCKOJIbKy  OHH  B  IipOXHBO(|>a3e  OXHOCHTejIbHO  3axyxaHHH  BOJIH,  ppyrHMH  CJIO- 
BaMH,  npoBojjHMocxH  D-o6aacxH,  ohk  oOycjioBJienbi  pa3jiHqHbiMH  (j)H3HqecKHMH  areHxaMH, 
mophiIihhhpj/ioihhmh  xxy  oOjracxb.  /(o no jih Hxe jibHaa  HOHH3apHa  b  D-o6jiacxH,  Bbi3BaHHaa 
BbicbinaHneM  BbicoKOXHepraqHbix  qacxHp  H3  BHyxpeHHero  papHau,HOHHoro  noaca  bo  BpeMH 
reoMaraHXHbix  B03MyipeHHH,  peHCXBraxejibHO,  npHBopnx  k  ycHJieHmo  3axyxaHH»  KHM  h 
OHH-bojih,  qxo  h  HaSpiopaexca  b 

3KcnepHMeHxe.  Oxciopa  cjiepyex,  qxo  BbfcoKoxHepruqHbie  qacxHiibi  He  Moryx  6bixb  oxBex- 
cxBeHHbi  3a  noBbimeHHe  itpqbophmocxh  D-o6-Jiacxn.  B  Jinxepaxype  Bbicica3aH0  npepnopo- 
aceHHe,  qxo  yBejniqeHjqe  npoBopHMocxn  D-o6jiacxH  MoaceT  6brrb  CBX3ano  c  BoapeiicxBHeM 
pajmoaKXHBHoro  H3JiyqeHna  ra30B  h  bopw,  HacbimeHHbix  pa/ionoM. 

Cjie/iOBaxejibHO,  pesyjibxaxbi  3xoh  pa6oxw  noKa3ajiH,  qxo  pjia  oriHcaHna  <|)H3HqecKHx 
cbohcxb  D-o6jiacxH  Hap  cencMoaKXHBHbiMH  30HaMH  yace  HepocxaxoqHo  H3BecxHbix  Mexa- 


HH3M0B  H0HH3aUHH  COJIHeHHblMH  H  raJiaiCTHHeCKHMH  KOCMHHeCKHMH  JiyHaMH.  Heo6xOflHMO 
npHBjieKan>  h  npyrne  aBjieHna,  Koropwe  rro3BOJiaK)T  pa3Bnn>  MexaHH3M  jiHTOC^epHO- 
HOHoc<f>epHoro  B3aHMoneHCTBiia  b  caMoft  hhxchch  ee  o6jiacm.  Taxon  MexatrroM  b  nacroa- 
mee  BpeMa  oxcyTCTByeT. 

.fljia  o6HapymeHiw  FW-bojihobbix  3^(J)eKT0B  ceHCMHHecKoft  npiiponti  npe/uiojiara- 
eTCx  Hcnojit30BaTb  Mantie  cnyTHHKH,  KOToptie  MoryT  3anycKaTbca  Ha  op6my  nyxeM  orne- 
neHHa  ox1  6ojitumx  cnyraincoB,  a  xaioKe  npn  cxapTe  paxer  e  MopcKHX  mraT<])opM.  Mantre 
cnyTHHKH  Moiyr  HMCTt  HpeHMymecTBa  c  tohkh  3pemia  hx  xneicrpOMaruHTiiOH  hhctotli, 
OflHaKO  HeMaaoBancHOH  3anaHefl  asnaeTca  oOecneneHne  HanneiKaiijMx  neTHtix  xapaierepH- 
CTHK  3THX  CnyTHHKOB,  TOKflX,  KaK  BpeMH  XCH3HH  H  HanOKHOCTh  ynpaBJICHHa,  a  TatOKe  B03- 

MoncHocTt  flocTaTO'iBo  TOHHoro  onpeneneHHa  op^HrajitHtix  napaMeTpoB  h  opucHTauHH,  a 
raxMce  HaqexfHOCTt  ynpaBjieHHsr. 

B  paivncax  pa3pa6oxKH  raKoii  uporpaMMti  6tma  noxasaiHa  bo3moxchoctb  3anycKa  Ma- 
Jibix  cnyrHHKOB  co  cnenyionmMH  napaMexpaMH;  op&ura  KpyroBaa,  BbicoTa  opfercti  350  - 
400  km,  HaicnoHeHHe  75  -  77°.  BpeMH  cymecTBOBaHna  cnyTHHKa  no  nonyrona.  Bee  HaynHoif 
annapaTypw  no  25  -  30  kt.  B  Kanecrae  npnOopa  nna  H3MepeH«a  OOT-bojihobmx  xbjichhh 
npcnnonaraeTca  Hcnojit30BaTt  Monni^HHHpOBaHHMH  eapnaH  r  npneMHHKa  HBK-OHR,  ko- 
TOpMH  n03B0HXCT  perHCTpHJWBaTb  3JieKTpHHeCKyiO  H  MarHHTHyiO  KOMnOHeHTM  OH^-bojih  b 
nnana30He  8  I  n  -  20  kTh.  HpnOop  bccht  okojio  5  kt  h  noTpeOnaeT  He  6onee  5-6  Bt.  B 
KOMnneKc  nayniioH  annapaiypti  noMHMo  HH-bojihobbix  npHSopOB  npennonaraeTca  bkjho- 
wrt  BticoKonacTOTHtre  BOJiHOBtie  npr-fOoptr,  peracTpaTop  3Jie KTpoHHOH  iuiothocth  h  TeM- 
nepaxypti,  orrmHecKHe  npHOopw  h  cneicipoMeTp  3HepranHbix  snexipoHOB. 

flnx  KoppeKHHH  op6HTti  npenycMOTpeHO  npHMeHCHHe  nsuraTejia  Manofi  Tara. 
c6opa  h  nepenaHH  naHHbix  Hcnojib3yeTca  TeneMeTpHa  c  eMKocitio  3anoMHHaiomero  ycT- 
poficTBa  no  32  M6airr  h  CKopocTbio  nepenaHH  naHHbix  Oontuic  1  M6ht-c\  OpuemanHa  3- 
xocHaa,  TOHHOcib  CTaOnjimaiHiar  no  ocxm  ±10°,  toihoctb  onpeneneHHa  napaMeTpoB  opn- 
eHTaiiHH  ne  xyvxe  ±1 

MoHHTOpHHr  3CMjieTpaceHHH  oOecneHHBaexca  3anycK0M  4-6  Mantix  cnyraHKOB  c 
HHTepBanoM  1,5-2  naca. 

IlacToaritaa  paOoTa  BbinonHeHa  npH  (JmiiancoBon  nonnepncKH  POOH  (rpaHT  95-05- 

14620). 


HHcraiyT  3eMHoro  MarHexH3Ma,  HoHOc<f>epM  h 
PacnpocTpaHeHHH  Pa^HOBOjra  PAH. 
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FRACTIONAL  HOP  WHISTLERS  PROPERTIES  OVER 
SEISMOACTIVE  REGIONS  AND  HIS  APPLICATION 
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Results  of  amplitude  spectra  investigations  of  whistlers,  registered  on  Inter¬ 
cosmos  24  satellite  during  its  passes  above  earthquake  regions  at  different 
geophysical  conditions  are  presented.  Using  the  large  volume  of  data  and 
analyzing  of  the  intensity  and  form  of  spectra  there  is  shown,  that  in  the 
earthquake  preparing  phase  at  Kp  <  3  the  D  region  conductivity  decreased, 
at  magnetic  disturbance  it  on  the  contrary  increased.  It  is  supposed,  that  the 
seismic  effect  is  related  with  the  radon  radioactive  radiation  in  time  of  the 
chink  arising,  and  the  geomagnetic  effect  is  related  with  an  high  energy 
particles  precipitation  from  the  inner  radiation  belt. 

INTRODUCTION 

For  the  ELF  and  VLF  electromagnetic  background  Study  whistler  satellite  Intercosmos 
24  observation  data,  in  time  of  its  passes  above  seismoactive  regions  are  used.  All 
whistlers,  observed  on  heights  from  700  to  2400  km  were  included.  That  is  well 
known,  that  whistler  signal  spectra  have  a  maximum  energy  in  the  range  of  /<  3  kHz 
(ELF),  and  in  the  range  from  5  to  8  kHz  (VLF)  [1],  The  characteristics  of  electromag¬ 
netic  wave  penetration  through  the  ionosphere  are  defined  by  physical  properties  of 
the  lower  ionosphere  (D  region  conductivity  by  day,  E  region  at  night)  [2].  Thereby 
the  wideband  satellite  whistler  recording  may  be  considered  as  an  indirect  method  of 
variations  lower  ionosphere  study  in  different  geophysical  conditions,  including  quake 
activity.  For  the  first  time  wideband  satellite  Intercosmos  24  ELF  and  VLF  records  in 
time  of  Iranium  earthquake  20  June  1990  were  considered  in  paper  [3],  There  was 
observed  high  intensity  of  fractional  hop  whistlers,  propagated  to  satellite  on  short 
way  from  Earth-ionosphere  waveguide.  This  fact  shows  that  VLF  attenuation  in  D  re¬ 
gion  of  the  ionosphere  is  decreased  in  preparing  phase  of  earthquake.  In  the  paper  [4] 
an  analyze  of  wideband  records  was  executed  on  base  ISEE  2  data  and  no  seismic  ef¬ 
fects  have  been  detected,  however  authors  deal  not  with  the  single  whistlers. 

Present  paper  continue  preceding  investigations  [3]  of  variations  D  region  conductiv¬ 
ity  at  the  preparing  phase  of  the  earthquake  on  base  of  the  whistler  spectra  study.  For 
this  purpose  the  large  volume  of  the  wideband  VLF  data  registered  on  Intercosmos  24 
satellite  was  processed  by  detail  digital  spectral  analysis. 


EXPERIMENTAL  DATA  AND  METHOD  OF  THEIR  PROCESSING 


According  to  the  catalog  [5]  limit  coordinates  of  earthquakes  epicenters  in  interval 
1990-1992  for  these  two  regions  situated  in  intervals  of  (p :  34-45 °N,  of  A:  10-31°E  and 
of  L:  1.35-1.85  for  first  region  and  in  intervals  of  q?.  27-43°N;  of  A=  43.5-58°E;  of  L  = 
1.3-1.85  for  second  region.  There  are  chosen  records,  registered  on  orbits,  whose 
projection  lay  in  latitude  range  25-45°N  or  of  L-shells  1.3-1. 9. 

The  processing  method  of  experimental  data  was  the  following.  Signal  records  pre¬ 
liminary  were  analyzed  with  the  analog  spectrum  analyzer.  For  detail  digital  process¬ 
ing  75  passes  (January  1990  -  June  1992)  in  longitude  sectors:  1-30°  and  45-60°E 
were  chosen.  Then  for  lighted  daytime  those  data  were  divided  on  three  groups  in  ac¬ 
cordance  with  different  geophysical  conditions:  a)  in  magnetic  and  seismic  quiet  pe¬ 
riod,  b)  with  magnetic  disturbances  without  a  seismoactivity,  c)  in  a  period  of  seismic 
activity,  but  at  Kp  <  3.  The  spectra-time  analysis  of  these  records  was  carried  out  by 
the  time  window  method  in  the  range  from  70  Hz  to  14  kHz  with  near  25  ms  window 
duration.  In  result,  the  digital  spectrogram,  i.e.  f(t)  dependence,  was  defined  and 
spectral  power  density  (SPD)  of  maximum  was  estimated  simultaneously. 

For  each  whistler  we  have  moment  of  time  for  which  S(f)  had  maximum,  relative  in¬ 
tensity  <Smax/  So,  where  S0  is  the  SDP  of  board  calibration  signal,  dispersion  D.  Then 
distribution  of  number  of  spectral  maxima  on  frequencies  and  relative  SPD  for  each 
satellite  pass  were  obtained  for  the  fractional  hope  whistlers  (D  <  20)  only. 


Since  in  consid¬ 
ered  period  the 
most  power  seis¬ 
mic  phenomena 
took  place  in  Iran 
from  20  to  30  June 
1990,  therefore 
our  attention  will 
be  given  to  this 
period.  According 
to  the  paper  [5] 
data,  in  this  period 
16  aftershocks 
took  place  with 
Mp  from  4.8  to  6.1 
and  60  aftershocks 
with  M/X4.8.  Dis¬ 
tribution  of  earth¬ 
quake  epicenters 
in  the  radiovisibil¬ 
ity  zone  of  satellite 
Intercosmos  24  receiving  center  during  1990  is  given  in  Fig.  1. 

Quiet  background,  Kp  <  3,  seismic  activity  is  absent.  The  fractional  hop  whistlers, 
observed  in  the  morning  and  daily  local  times  have  the  main  interest  for  analyze.  In 
that  period  in  diumail  variations  of  thunderstorms  activity  and  atmospheric  noise  level 
near  Earth’  surface  minimum  is  observed.  Our  investigations  confirmed  this.  At  Kp< 3 


Fig.l.  Distribution  of  earthquake  epicenters  at  1990-1992  period  in 
radiovisibility  Intercosmos-24  zone. 


without  seismic  activity  fractional  hop  whistlers  independently  from  longitudes  didn  t 
been  observed  quite  or  were  observed  rarely  (up  4  min  )  and  they  have  very  weak 
intensity,  and  besides  their  spectra  contain  only  ELF  components  in  the  frequency 
range  from  200  Hz  to  2  kHz.  At  the  morning  on  all  orbits  ELF  hiss  in  the  range  400- 
500  Hz  were  observed.  Second  maximum  in  fractional  hop  whistler  spectrum  was  ob¬ 
served  additionally  on  the  frequency  above  3  kHz  over  Mediterranean  sea  in  maxi¬ 
mum  thunderstorm  activity  period,  but  VLF  maximum  had  weaker  intensity  in  com¬ 
parison  with  ELF  maximum.  Before  sunset  the  fractional  hop  whistlers  recurrence 
frequency  is  increased  in  comparison  with  morning  and  day. 


Geomagnetic  effects  in  P  region.  For  an  estimation  of  geomagnetic  effects  in  D  re¬ 
gion  on  lowest  L  shells  (1.4  <  L  <2)  two  periods  of  high  magnetic  activity  were  con¬ 
sidered:  19-21  May  1990  and  22-23  August  1990  at  Kp  ~  5  -  6.  Analyze  of  these  data 
in  mentioned  periods  has  shown,  that  there  were  observed  only  the  fractional  hop 
whistlers,  in  amplitude  spectra  of  which  were  only  ELF  components  with  higher  cut 
off  near  0.7  -  1.5  kHz,  i.e.  higher  cut  off  was  lower,  than  in  quiet  conditions.  Tracks 
of  these  signal  on  f(t)  spectrograms  were  very  diffuse.  With  decrease  of  Ay?  index  the 
fractional  hop  whistlers  recurrence  frequency  did  not  been  changed,  but  took  place 
broadening  of  spectra  up  to  2  kHz.  On  all  orbits  ELF  hiss  in  frequency  range  from  300 
to  400  Hz  were  observed.  N/N 


Seismic  effects  in  P  region. 
There  are  analyzed  whistler 
spectra  on  10  passes  over 
seismic  active  zones  in  period 
of  preparing  earthquake  with 
Mp  ~  4.7  -  6.1,  h  ~  3  -  10  km, 
including  7  -  over  West  Iran 
21.06-29.06.1990,  1  -  over 
South  Iran  06.11.90,  1  -  over 
Mediterranean  Sea 

18.01.1990,  1  -  over  Romania 
25.05.1990.  Analyze  of  am¬ 
plitude  spectra  of  whistlers 
showed  the  next  peculiarities: 

1.  Broadening  of  spectra  in 
higher  frequency  side. 

2.  Appearance  of  spectral 
components  in  VLF  range. 

3.  Observation  of  unique 
fractional  hop  whistlers  ano¬ 
malously  higher  intensity 
{(Smax/So)2  ~  8}  with  wide 
spectrum  A F  =  100  -  10000  Hz 
without  minimum  at  frequen¬ 
cies  2  -  3  kHz  occurred  in 
Earth-ionosphere  waveguide 
atmospherics  spectra.  In  eve¬ 
ning  time  these  whistlers  are 


f,  Hz 


M  f  =  0  -  3000  Hz 


Fig.  2.  Histograms  of  maximum  frequencies  in  the 
fractional  hop  whistlers  spectra  (a)  and  relative  inten¬ 
sity  (b).  Thick  line  -  Kp  <3,  quiet  conditions;  thin  line 
and  symbols  **’  -  Kp  <3,  seismoactive  period;  dotted 


associated  with  echo-signals,  reflected  in  south  hemisphere,  that  is  evidence  on 
forming  of  magnetosphere  ducts  over  seismoactive  regions  in  preparing  phase  of 
earthquake. 

In  Fig.  2a  there  are  given  distribution  of  maxima  frequencies  in  the  fractional  hop 
whistlers  spectra,  normalized  to  total  quantity  of  maxima  for  three  different  geophysi¬ 
cal  conditions:  quiet  background  E  =  69;  geomagnetic  active  period  E  —  54  and  seis¬ 
mic  active  period  E  -  300.  In  Fig.2b  distribution  of  relative  maxima  for  same  geo¬ 
physical  conditions  has  been  shown.  As  in  passes  and  so  in  histograms  of  distribution 
total  law  was  seen:  decreasing  of  higher  cut  off  frequency  at  Kp  >  3  and  its  increasing 
in  seismic  active  period  in  comparison  with  background  volume  in  quiet  conditions; 
also  appearance  of  additional  maxima  at  frequencies  higher  than  3  kHz  in  seismoac¬ 
tive  periods  was  observed. 

CONCLUSION 

Analysis  of  the  fractional  hop  whistlers  amplitude  spectra,  observed  on  Intercosmos 
24  satellite  in  day  time  at  different  geophysical  conditions  showed  the  next  peculiari¬ 
ties: 

1.  In  quiet  period,  when  seismic  and  geomagnetic  activity  is  lacking,  spectra 
involve  advantageously  ELF  components  (f  <  3  kHz)  with  higher  cut  off  frequency 
f~  1.5  kHz.  This  result  agree  with  theoretical  introducing  about  properties  of  ELF  and 
VLF  wave  penetration  from  waveguide  Earth-ionosphere  to  outer  ionosphere. 

2.  With  geomagnetic  activity  increase  the  higher  cut  off  frequency  of  ELF 
spectrum  is  shifted  to  lower  frequencies  (700  -  1000  Hz)  that  is  consequence,  ac¬ 
cording  to  theory,  of  attenuation  ELF  wave  increase  at  their  penetration  through  D 
region  of  the  ionosphere. 

3.  In  seismoactive  period  in  preparing  phase  of  earthquakes  the  high  cutoff  of 
whistlers  is  shifted  to  higher  frequencies  (2.5  -  3  kHz).  It  is  observed  appearance  of 
VLF  components,  that  means  better  penetration  of  ELF,  VLF  waves  through  D  region. 

In  such  manner  analyze  of  whistler  amplitude  spectra  allowed  clear  separate  seismic 
and  geomagnetic  effects  in  D  region  of  the  ionosphere.  The  hypothesis  was  suggested 
that  in  seismic  active  period  intensity  radiation  of  radon  may  occur  changing  D  region 
conductivity  [6],  However  theory  of  this  problem  is  needed  in  development. 

Present  paper  has  been  executed  at  financial  support  of  RFFI  (Grant  97-05-65753). 

REFERENCES 

1.  Helliwell  R.A.  Whistler  and  related  ionospheric  phenomena.  Stanford  California,  Univ. 
Press.  1965,  349p. 

2.  AT  pert  Ya.L.  Propagation  of  riadiowaves  and  ionosphere.  M.:  Nauka,  1960,  480p. 

3.  Mikhailova  G.A.,  A.M.Goliavin,  and  Yu.M.  Mikhailov.  Dynamic  spectra  of  VLF-radiation 
in  the:  outer  ionosphere  associated  with  the  Iranian  earthquake  of  June  21,  1990 
ftntftrkosmns  24  Satellite).  Geomagnetism  and  aeronomy,  V.31,  No.5,  P.647,  (1991). 

4.  Craig  J.R.,  Neil  R.T.,  and  RX.Dowden.  A  search  for  ELF/VLF  activity  associated  with 
earthquakes  using  ISIS  satellite  data.  J.G.R.  V.101,  No.A6,  P.13,369,  (1991). 

5.  Catalogue.  Preliminary  determination  of  epicenters.  Denver:  NEIC,  US  Geological  Sur¬ 
vey.  1989-1992. 

6.  Martynenko  S.I.,  Fux  I.M.,  and  R.S.Shubova.  Reaction  of  lower  ionosphere  on  change  of 
near  earth  atmosphere  conductivity.  Geomagnetism  and  aeronomy,  V.31,  No.5,  p.121, 
(1991). 


HayneiiHe  reo,a;HHaMHHecKHX  npo4eccoB 
weTo^aMH  perHc  rpaunH  ajieKTpHHecKoro  h  MarHHTHoro  noaeft 
h  3JieKTpoMarHHTHoro  H3JiyneHMa 

AjieKceee  B.A.,  Tojiobkob  B.IL,  OpaescKHii  B.H. 

MHcxnxyx  3eMHoro  MaraeTH3Ma,  Honoctjiepbi  h  pacnpocipaHeHHa  pa^HOBOJiH  PAH 
142092,  r.TpowpK,  Mockobckoh  o6ji.  Tel:  095-3340121,  Fax:  095-334-124 

B  1979  roay  no  flaHHbiM  cnyxHHKa  “MHxepKoeMoc  19”  6biJi  oSHapyxceH  3<})- 
4)Ckt  pe3Koro  Bospacxaima  hhtchchbhocth  HM3KoxacxoxHbix  sneKxpoMaxHHXiibix 
myMOBbix  H3JiyqeHHii  b  BepxHen  noHoc<f>epe  npn  nponexe  cnyxHHKa  Hap  30hoh  roxo- 
BHiperocH  hjih  nponcxoflHLqero  3eMJiexpaceHH».  Pe3yjibxaxbi  coBMecxnoH  o6pa6oxKH 
flaHHbix  HH3KoxacxoxHbix  H3JiyxeHHH,  noxoKOB  Hacxnn;  h  nnoxHoexH  h  xeMnepaxypw 
mia3Mbi  no3BOJTHJiH  oOHapyiKHXb  neH3BecxHbin  paHee  B036yacfleHHa  HH3KO- 

xacxoxHbix  niyMOB  Hafl  rayOHHHbiMH  pa3jiOMaMH  aeMHon  Kopbi.  Tny6HHHbie  xeKxo- 
HHHecKne  pa3JioMbi  aBnaioxca  30hoh  KomjeHxpaijHH  cxpeecoB,  KaHajiH3apHH  (JmiOH- 
flOB,  a3po3onen  h  ra30B,  H3MeHeHHa  HaMarHHxeHHoexn  h  ajieKxponpoBOflHocxn  rop- 
HblX  nopofl,  B03HHKH0BeHHa  BblCOKHX.  SJieKXpHHeCKHX  nOXeHHHaJIOB  H  X.n.  TeKXOHH- 
xecKne  pa3JioMbi  aBJunoxca  xaKXce  xewn  xeoflHHaMHnecKHMH  cxpyKxypaMH,  Koxopbie 
^opMHpyiox  30hm  noBbimeHHOH  cencMHHHOCXH,  x.e.  aBJiaioxca  30HaMH  bhcokoh 
onacHocxn  npnpopnbix  Kaxai<jiH3MOB.  Bee  axo  onpeaejiaex  iieoSxoanMocxb  H3yxenna 
<f)H3HaecKHX  npopeccoB  b  30He  pa3JioMOB,  ncnoab3ya  Bee  aocxynHbie  Mexo^bi,  KaK 
Ha3eMHbie  (reonoraxecKne,  reo(j)H3HHecKHe,  reoxuMHHecKHe  u  x.n.),  xax  h  cnyxHHKO- 
Bbie.  OnncanHbin  Bbiine  Mexoa  jierKO  peanroyexca  Ha  cncxeMe  Manbix  cnyxHHKOB  n 
aBJiaexca  BaacHbiM  jjonojiHeHHeM  k  cymecxByiomnM.  Ha  ocHOBe  H3yxenna  ajieKxpo- 
MarHHXHbix  nojien  pa3JiHHHOH  moujhocxh  h  xacxoxHocxn,  a  xax>Ke  xemioBbix  nojien 
mojkho  peinaxb  cneflyiomne  3a/j,axn: 

HccjieAOBaHHe  pa3JiOMOB  KaK  npoBOflHHKOB  xennoBbix  n  cjwnoHAHbix  3HfloreHHwx 
noxoKOB; 

BbiaBJieHne  n  nsyxeHHe  pa3Ji0M0B,  KOHxpojmpyiomHx  pa3MemeHne  Mecxopo>K,ae- 
hhh  He<J)XH  n  ra3a; 

H3yxeHne  xeKXOHHxecKOH  aKXHB h o cxh  pa3JiOMOB  h  noHCK  npe,HB6CXHHKOB  3eMJie- 
xpaceHHH. 


Study  of  geodynamical  processes  using  techniques  of  registration  of 
the  electrical  and  magnetic  fields  and  the  electromagnetic  emission. 
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In  1979  the  abrupt  increase  of  intensity  of  the  low  frequency  electromagnetic 
noise  emissions  in  upper  ionosphere  was  detected  from  the  data  obtained  with  the 
satellite  “Interkosmosl9”.  This  phenomenon  was  observed  in  case  the  satellite  flying 
over  a  zone  of  earthquake  being  in  stage  of  preparation  or  realization.  The  results  of 
joint  processing  of  the  data  of  low-frequency  emission,  corpuscular  flows  as  well  as 
temperature  and  dension  of  plasma  permitted  us  to  reveal  the  previously  unknown  effect 
of  generation  of  low  frequency  noises  over  the  deep  faults  of  the  earth  crust.  The  deep 
tectonic  faults  is  considered  to  be^the  zones  of  concentration  of  stresses,  canalization  of 
fluids,  airosols  and  gases,  change  of  magnetization  and  electro-  conductivity  of  rocks, 
appearance  of  high  electrical  potentials  and  so  on.  The  tectonic  faults  are  also  the  same 
geodynamical  structures  which  form  the  zones  of  elevated  seismicity,  i.e.  they  are  the 
zones  of  dangerous  natural  hazards.  All  of  that  cause  the  necessity  of  studing  the 
physical  processes  in  fault  zones  using  all  available  methods,  namely  the  surface  ones 
(geological,  geophysical,  geochemical  and  so  on)  and  the  satellite  ones.  The  method 
described  above  easely  realized  on  a  set  of  small  satellites  allows  solving  the  follows 
problems: 

-  studying  the  faults  as  conductors  of  heat  and  fluid  endogenous  flows; 

-  revealing  and  studying  the  faults  controlling  the  distribution  of  oil  and  gas  deposits; 

-  studying  the  tectonic  activity  of  the  faults  and  detecting  the  earthquake  forerunners. 
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pesyubTaiaM  oniMHiecKMx  HaonisofleHMM  mhctmtytom  leopeiMHecKOM 
acipoHOMMM  Poccmmckom  axa/neMMiM  nayK  pa3pa6onraiH  tcaia/ior  oS^eKTOB 


«J)yHKi4MOHMpysou4Me  KAS  85  oSibeKTOB,  coBepiuaiouiMX  nMSpauwoHMoe 
flBMxeHwe,  m  279  ApewcfjyiOLUMx  oSibeKTOB.  Kaia/ior  raoce  bkjko4&9t  48 
o6lbeKTOB  C  HeyCTaHOBJieHHbIMH  OpSMTajnbHblMM  XapaKTepMCTMKaMM  M  39, 
Op6Mia.nb.Hbie  XapaiCTepMCTMKM^  KOTOpfolX  M3BeCTHfoI  C  HeflOCiaTOHHOM  l/ 


oSnacTM  rco  c  McnombsoBaHMeM  cnenManMSMpoBaHHoro  KA  (mum  cwcieMbi  KA), 
pacnonoxeHHMx  Ha  op0Mie  nwxe  FCO  Ha  1,5-2  tmcswm  km,  a  latcxe  npw 


opraHMsauMM  nonyrHoro  SKcnepuMema  Ha  reocTasiMOHapHOM  KA  “Siietcrpo”. 

Paspa6oTaHa  6opioBaa  annapaiypa  perwcTpauiMM  coyAapeHMft  KM  c 
anewsHiaMM  kohctpykamm  KA  Ha  ocHoee  mbesosjiescrpMHiecKMx,  njieHQHiHfoix  m 
Apyroro  TMna  AainiMKOB  cyflapeHMM,  KOTOpue  peampyiOT  na  yaap  naciMLi  '/ 


COSblTMM,  CBflSaHHblX  C  HOKOHipOllMpyeMblM  BXQAQM  K0CMM46CKMX  06lbeKT0B  B 


opSMTanbHbix  CTanuMM  (OC)  Mexfl y  co6om  m  c  MiaciMuaMM  KM.  B  HacTOflunee 
epeMn  paapadoiaHw  npMHipnbo  nocipoeHM^  tokom  CMCTewbi,  cxewsa 
BsaMMOfleMCTBs/ifu  opraHMsaiiMM,  nonyneH  nonoKMieubHUM  onyx  pa6oT  no 


we  3KpaHbt  moxho  yciamoBUTb  Ha  SHaHMie/ibHbsx  paccio^HMsx  ot  KA  m 


aKcniiyaxauiMM  nsfle/iMsi,  hto  noaeon^ei  cymiecTBeHHO  noBbicwib  saiAMiy  c 


b)  SauuMTa  nyreivi  yKJiOHSEomero  Maneepa. 

MccneAOBaHM^i  noKasa/iM  cyuuecTBeHHyio  saeMCMMOCTb  3cjbc|>eKTMBHOGTO 
m©toa8  ot  tqhhqctm  onp@AejieHMn  op6mt  HacTnu  KM  m  npomoaa  onacHOc™ 
CTOJ1KHOB©HMMj  OnepaiMBHOTO  MHCf)OpMai4MOHHOrO  COnpOBO>KA©HM^  B03HMKLIJ6M 


npoeoA^TCT  paspaSoiKM  s^^eKTMBHbix  cnoco6oB  m  cpeflciB  peanwaaiUMM  aioro 
mstoas  sauuMibi.  OcHOBnaw  npo6newa  -  CHwawib  eepo^THOCTb  jiqxhmx  ipeeor. 

r)  SauuMTa  nyrew  onepaTMBHpro  onpeAOiieHMH  npoSosi  ctbhkm  HSOTMuieM 
KM  m  BoccTaHOBJieHMfi  ero  repMerMHHOCTM. 

PeayjrsbTaTbi  npoeefleHHbix  cneuwaiiMCTaMMi  PKA  MCCJieAOBaHMM 
noKasweaiOT,  hito  npw  cpaenwiejibHO  HeSonbiuMx  eecosbix  saipajax  (10-20  ter) 
mo>kho  co3Aaxb  CMCTeMy  onepaTMBHoro  onpefleneHM^  Mecra  npo6osi  c 
MCn0Jlb30BaHM6M  CMCieMbf  A8T4MKOB  MexaHMH0CKOrO  BQ3A©MGTBM?1.  ■  BpeMfl 


OoKasano,  htq  ajto  AMamocTMpoBaHMfi  npoSoa  noBepxwocTM  100  kb:  m  c 


c.  4@JlbBO  OI46HKM  SC^cfjeKTMBHQCTM  3aiL|MTHblX  3KpaHQB  KA  M  OC,  0146HKM 
BepOflTHOCTM  HenpoSMTM^l  MX  OTfleilbHWX  MOflyjneM  B  L4HMM  MaWMHOCTpoeHM?! 
pa3pa6ojaH  nepeuR  Bapwamr  MaiuMHHQM  nporpaMMU  “BUFFER55-  aHanor 
nporpawMbi  “Bumper55.  HACA  CUJA.  BbinMC/ienwe  opoboamtcm  ajto  saflaHHOM 
MOfle/iM  sacopeHHOCTM  OKn  m  peanbHow  reoMeipMM  m3A0J1mm  c  yneTOM 
noJiyneHUbiix  b  aKcnepwiMenje  SajunMCTMHeckMX  Kpneux  hpo6mtm^  mx  sauuMTHbix 
SKpanoB  m  Kopnyca.  OcnoBHaw  eepcwfi  nporpawMbi  QGHoeaMa  Ha  Meiofle 


npOM3BOflMT  aHanornHHbiM  pacnei  mbtoaom  HMCnenHoro  MHTerpupoBaHMfl.  C 
Mcno/ibsoeaHMeM  nporpasvsMbi  “BUFFER”  npoeeAena  ouienKa  eepofiTHOCTM 


HeynpaBjraeMbtx  kocmm46ckmx  o6i>eicroB  wa  FCO”  ma  ocHoee  Kaianora  14TA 


o“Tpe6oBaHM^  k  cpeflcieaM  •  KOCMMHecKOM  t6xhmkm  npw  m 


nposKTMpoBaHMMj  OTpa6oTE<e  m  3KcnnyaTai4MM  no  npeflOTBpauieHMio 
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INTRODUCTION 

Russian  Space  Agency  (RSA)  is  considering  as  urgent  the  problem  of  the  space  flight 
safety  in  view  of  pollution  of  NES  by  technogenic  orbital  debris.  Also,  the  hazard 
caused  by  the  uncontrolled  entry  of -space  objects  into  upper  atmosphere  has  to  be  kept 
sufficiently  small. 

In  order  to  solve  this  problem  RSA  has  arranged  a  number  of  research  and 
development  activities.  Priority  activities  are:  monitoring  of  NES  environment 
including  the  geostationary  ring,  the  creation  of  a  unified  information  system 
(hardware/software)  for  collecting  and  storing  information  on  dangerous  events  such 
as  close  encounters  or  uncontrolled  re-entering  of  space  objects,  development  of 
methods  and  means  for  protection  of  spacecraft  including  space  station  against 
hypervelocity  debris  particles,  and  the  development  and  implementation  of  measures  to 
reduce  the  growth  debris  in  NES. 

We  present  in  the  following  the  main  results  of  Russian  activities  on  technogenic 
orbital  debris  in  NES. 


OVERVIEW  ON  ACTIVITIES 

From  results  of  radar  measurements,  conducted  by  the  Russian  space  tracking  system 
(STS),  a  catalogue  of  tracked  objects  has  been  developed  for  objects  of  minimum  size 
of  0.2  to  0.3  meter  at  altitudes  up  to  several  thousands  kilometers.  Cooperation  has 
been  established  between  Russian  and  American  STS  specialists  for  sharing  and 
updating  of  the  catalogued  data. 


l 

(up  to  10  m/s)  have  been  observed  for  a  number  of  uncontrolled  geostationary 
spacecraft  which  can  be  explained  toy  their  collision  with  space  debris.  However,  other 
explanations  are  also  possible. 

Work  has  begun  on  a  feasibility  study  of  using  the  long-range  space-tracking  radar  at 
Evpatoria  for  debris  detection  and  tracking.  The  radar  has  the  capability  to  observe 
objects  of  a  few  millimeters  size  for  ranges  up  to  1000  km. 

Space-based  optical  observation  methods  have  been  suggested  and  analyzed  for  the 
geostationary  ring  using  specialized  spacecraft  (or  spacecraft  constellation)  which  are 
located  1 .5-2  thousands  kilometers  below  geostationary  orbit. 

On-board  instrumentation  for  recording  collisions  with  spacecraft  structure 
components  have  been  developed '  based  on  strain-gauge,  film  and  other  types  of 
collision  sensors,  which  sense  impacts  of  particles  with  mass  of  fractions  of  gram  or 
more  at  velocities  up  to  tens  of  km/s. 

Work  is  conducted  on  development  of  unified  information  system  that  provides  in¬ 
time  information  tracking  of  events  related  to  uncontrolled  re-entering  of  space  objects 
into  upper  atmosphere  and  dangerous  close  encounters  of  manned  and  unmanned 
spacecraft  and  debris  objects. 

RSA  is  interested  in  the  cooperation  with  foreign  partners  on  the  creation  of  a  unified 
information  system  and  database  to  provide  flight  safety.  Considerable  attention  is 
given  by  RSA  to  the  development  and  updating  of  orbital  debris  models  which 
includes  unobservable  debris.  A.  I.  Nazarenko  of  the  RSA  Center  for  Programming 
Study  has  developed  a  statistical  model  based  on  experimental  data.  It  has  been 
adopted  as  a  baseline  for  studies  in  Russia.  Under  the  guidance  of  Z.  N.  Khutorovsky 
(Vympel  company)  a  deterministic  analytical  model  has  been  developed.  Using  this 
model  calculations  have  been  made  to  compute  the  probability  of  dangerous  close 
encounters  of  MIR  station  with  catalogued  objects. 


Research  and  development  for  protection  of  spacecraft  and  space  station  from  hyper¬ 
velocity  debris  particles  impacts  are  being  conducted  at  RSA  organizations  in  the 
following  major  areas. 


The  Russian  space  agency  puts  considerable  attention  to  the  management  support  of 
the  activities  on  the  orbital  debris  problem.  In  1995s  following  the  instruction  of 
Director-General  Yu.  N.  Koptev  RSA’s  Problematic  Board  no.  6  has  been  established 
under  the  chair  of  Deputy  Director  of  TsNIIMash  V.  I.  Lukyashchenko,  its  activities 
are  dedicated  to  issues  of  environmental  safety  of  rocket  and  space  hardware  and 
technogenic  NES  pollution.  RSA  participates  actively  in  solving  orbital  debris-related 
problems  through  international  partnership  in: 


®  Scientific  and  Technical  Subcommittee  of  the  United  Nations  Committee  on  the 
Peaceful  Use  of  Outer  Space; 

©  Gore  -  Chernomyrdin  commission  on  issues  of  information,  coordination  between 
NASA  and  RSA  on  orbital  debris  problems; 

©  Utkin  -  Stafford  commission  on  providing  ISS  safety  in  orbital  debris  environment; 


The  Russian  Space  Agency  is  convinced  that  the  problems  of  technogenic  pollution  of 
near-earth  space  can  only  be  solved  through  close  international  cooperation. 


ChCXCMU  o6lUHX  TeXHHUeCKHX  Tpe6osaHHH  K  BH^aM  BOQpyXCeHHH  H  BOeKHOH  TeXHHKH. 
06mne  xexHMuecKHe  xpebosaHHa  k  kocmhucckhm  cpe^cxBaM.  OTT  KC-88  (1988). 

Chctcmh  h  KOMiureKCM  KOCMHuecKne.  OSmne  Tpe6oBaHH«  no  skojiqfhh.  OTT 
11.1.31.95(1995). 

Moment  npocTpaHcxieHHo-BpeMeHHoro  pacnpe,ztqieHH«  hjigthocth  iioxokob  tcxho- 
reeHorc  Bemecxsa  b  OKU.  FOCT  PB  25.645.164-97  (1997). 

Modern  npocxpaHCTBem-io-BpeMeiiHoro  pacnpe^enenHa  HeynpaBJiaeMMX  KOCMHnecKHX 
odiexxoB  aa  FCO.  IIpoeKX  oxpacjieBoro  cxaH^apxa  OCT  134-...  (1997). 

TpeSoBamra  k  cpeflcxsaM  kocmhucckoh  tcxhhkh  npn  hx  npoeKTupoBaroiM,  oxpaboxice 
h  3Kcnjiyaxai][HH  no  npefloxBpaineHHio  xexnoreHHoro  sacopeHMsr  OKU.  Hpoexx 


IIOflBICKHMH  neHeTpOMeTp 
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OflHHM  H3  HOBMX  H  nepcneKTHBHbIX  MeTOflOB  BHeflpeHHfl  B  rpyHT  AB- 
jweTca  Hcnojib30BaHHe  noABHXCHbix  neHeTpOMeTpoB,  npeflcTaBJwiomHX  ca- 
MoxoflHoe  ycTpoH ctbo  jijift  nepeABHAceHHH  b  rpyHTe.  OcoSeHHOCTbio  hx  hc- 
nojib30BaHHfl  njm  H3yqeHHA  rpyHTa  ABAaeTCA  bo3MOJkhoctb  BHeapeHHH  b 
rpyHT  Ha  3HaHHTejibHyio  rjiySany,  HayneHHe  cbohctb  rpyHTa  h  or6op  o6- 
pa3HOB  Ha  3a/iaHHOH  rjiy6HHe,  B03BpaT  Ha  noBepxHocTb,  MHoroKpaTHoeTb 
HHKJIOB  BHe^peHHa,  OT6opa  o6pa3HOB  H  B03BpaTa  Ha  nOBepXHOCTb. 

B  no/jBiDKHOM  neHeTpoMeTpe  npHMeroieTCA  AHHaMHnecKHH  cnoco6  06- 
pa30BaHHH  cKBaxcHH  b  rpyHTe,  cyTb  KOTOporo  coctoht  b  coBepmeHHH  YAapa 
no  3aocTpeHHOMy  HaKOHenHHKy  c  noMombio  rpy3a,  pacnoAoaceHHoro  BHyr- 
pH  Kopnyca  ycTponcTBa.  npeHMymecTBa  hoboto  cnocoSa  3arjiy6jieHHH  ao- 
cTnraK)Tca  TeM,  ato  riepeA  coBepmeHHeM  yAapa  cnanaAa  naKanjiHBaeTca 
A03HpoBaHHoe  KOAHAecTBo  norerinHaAbHOH  OHepraH  b  aKKVMyjiATope,  a 
3aTeM  nacTb  aHeprHH  pacxoAyeTca  Ha  coBepmeHHe  yAapa  no  HaKOHeAHincy. 
/Ipyryio  nacTb  OHepran  pe3epBHpyioT,  HanpHMep,  b  bha©  oHepran  hoahato- 
ro  rpy3a,  KOTOpyio  b  AajibHenineM  pacxoAyioT  Ha  nepeMemenne  Kopnyca 
ycTpoiicTBa.  3to  no3BOA5ieT  peajiH30BaTb  cbohctbo  caMonorpyacemiA. 

IIoABEDKHblH  neHeTpOMeTp  MOXCeT  6bITb  HCn0JIb30BaH  KaK  AaCTb  no- 
Ae3HOH  Harpy3KH  Ha  nocaAOAHOM  annapaTe  aaa  H3yAeHHH  cbohctb  h 
cTpoeHHa  BepXHHX  caoSb  rpyHTa  KOM6TW.  B 03M05KHW  ABa  BapnaHTa  ero 
npHMeHeHHH.  B  nepBOM  BapnaiiTe  Ha3iianeHHe  noABHxaioro  neHeTpoMeTpa 
coctoht  b  or6ope  npo6  rpyHTa  Ha  3AAaHHOH  rayOnne  h  B03BpaTa  Ha  no- 
BepXHOCTb.  Bo  BTOpOM  BapHaHTe  nOABHHCHblH  neHeTpOMeTp  npOBOAHT  HC- 
CAeAOBaHHH  rpyHTa  no  my6HHe  c  noMombio  AaTAHKOB  h  npnOopoB,  koto- 
pbie  pa3MeineHbi  BHyrpH  Kopnyca  noABHxaioro  neHeTpoMeTpa. 

Ilpn  H3yneHHH  noBepxHOCTH  njianeT  c  noMombio  roiaHeToxoAa  ycTa- 
HOBA  eHHblH  Ha  HeM  nQABHXCHblH  neHeTpOMeTp  n03B0A«eT  npOBOAHTb  MHO- 
roKpaTHbie  ot6opm  npo6  rpyHTa  c  rjiySHHM.  Oro6paHHbie  o6pa3nbi  aHajiH- 
3HpytoTca  h  3aTeM  Moiyr  6biTb  AOCTaBA eHW  h  nepeAaHbi  Ha  B03BpaTHyio  pa- 
KeTy. 

IloABHXCHbiH  neHeTpOMeTp  MoaceT  6mtb  BbinoAHeH  aBTOHOMHMM.  Ha¬ 
npHMep,  npH  pa6oTe  b  AyHHbix  ycAOBHAX  b  KanecTBe  ochobhoto  HCToniiHKa 
OHepraH  moxho  HcnoAb3QBaTb  coAHeAHyio  SaTapeio  roiomaAbio  0,03-0,05 
kb.m.  BpeMA  aKTHBHOH  paOoTbi  noABnacHoro  neHeTpoMerpa  b  TeneHHe  AyH¬ 
Hbix  CyTOK  MOXCeT  COCTaBAHTb  HeCKOAbKO  AecaTKOB  AACOB. 

Bo3MoacHocTH  noABHxanoro  neHeTpoMeTpa  ajih  H3yneHHH  rpyHTa: 

-  H3yneHHe  4>H3HKo-MexaHHHecKHX  cbohctb; 

-  cencMHAecKoe  30HAnpoBaHHe; 

-  H3yneHHe  oAeKTpHH  ecKHX  cbohctb  rpyHTa; 

-  H3yneHHe  Teroiosbix  cbohctb  rpyHTa; 


-  H3yneHHe  cTpoemra  h  cTpyKTypbi  rpyHTa. 

TexHHHecKHe  xapaKTepHCTHKH  KOMiuieKTa  no^BKacHoro  neHeTpoMeTpa 
cjic/xyioniHe:  o6maa  Macca  -  0,65-0,7  kt,  my6nHa  BHeApemui  flo  5  MeTpoB, 
cKopocTb  BHCjipeHHH  b  KBapu,eBWH  iiecoK  1,5  MeTpa  b  *iac,  noTpeOjiaeMan 
MOipHOCTb  1  Bt. 


MHKpOJiyHOXOfl 


FpoMOB  B.B. 
BHHHTPAHCMAUI 
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B  Hacxoamee  BpeMH  HMeexca  onpeflejieHHBiH  onbix  no  co3AaHHio  ch 
cTeM  nepe^BHaceHiM  (niaccH)  miuilix  noABEDKHbix  annapaTOB  juvi  pa6oTbi  Ha 
noBepxHOCTH  iuiaHeT.  HanGoAbumH  HHTepec  npeflCTaBJiaioT  cjicavioluhc 
pa3pa6oTKn:  MHKpoMapcoxo/i  nPOII-M,  MtncpoMapcoxoA  ROCKY,  xopo- 
boh  MaKeT  ycxpoHCTBa  pa3BepTbiBann>i  npnGopoB,  om>ix  pa3pa6oTKH  jiyHo- 
XOAOB  H  MapCOXOflOB  ZUIH  IiepcnCKTIIBHbIX  npOeKTOB. 

Ha  ocHOBe  npHBeaeHHoro  aHajiH3a  pa3JiHAHbix  CHcxeM  nepeABKDKeHHfl 
h  ycjioBHH  paGoxbi  MHKpojiyHoxofla,  a  xaoce  3a/iaHHbix  hcxoahmx  AaHHbix 
6buiH  onpeaejieHbi  cjie^yiouiHe  xpeGoBaHHH  k  cHCTeMe  nepepBHxeHHH  mhk- 
pojiyHoxofla: 

•  ocHOBHaH  aacxb  cjiyxeSHbix  chctcm  h  nojiesHOH  Harpy3KH  AOAXHa 
paaMemaxbCH  b  npnGopHOM  oxceKe; 

•  npHSopHbiii  oxceK  AonxceH  HMexb  cncxeiviy  xepMoperyjrapoBaHHa; 

•  cHcxeMa  nepe/iBM^eHna  AOJiXHa  oSecneBHBaxb  nepepBHaceiiMe  Ha 
yKjroH  b  30  rpapycoB  c  pbixjibiM  rpyHxoM; 

•  neoOxoflHMo  oSecneMHXb  B03Mo>KHocxb  KOHxaKxa  npH6opHoro  oxce- 
Ka  c  rpyHxoM,  KOHBepxHpoBariHe  ,  H3MeHeHHe  KJiHpeHca  h  nojioxe- 
hhh  npnGopHoro  oxceKa; 

•  ayGjIHpOBaHHe  OCHOBHbIX  HpHBOAOB  CHCXeMbI  nepeflBHDKeHHH. 

JIjui  o6ecne  ieHH5i  Bbinoji  Hernia  riepeHHCjieHHbix  Bbirne  xpeGoBaHHH 
Gbuio  pa3pa6oxaHO  necKOJibKO  yimcJjHHHpoBaHHbix  KHHeMaxHaecKHX  cxeM 
cHcxeM  nepeflBHXceHHa,  Koxopbie  ho3bojwk)X  peajiH30Baxb  pa3JiHliHbie  cno- 
co6w  nepeABHXceHHa:  maraiomHH.  kojiSchwh,  ryceHMBHbin.  kojiccho- 
ryceHHHHbm. 

OcHOBHbIMH  HaCXHMH  paCCMaXpHBaeMbIX  CHCXeM  nepeaBtOKeHHH  BB- 
aaexca  Kopnyc,  abc  pbiaa:>KHbie  chcxcmw,  paMa  ABnacHxeAa,  ABiocHxejib. 
BHyxpH  Kopnyca  pacnojioxceHbi  npHBOAa  Ana  BpameHHa  pbiaaxcHbix  CHcxeM, 
pa3Bopoxa  paM  ABiDKHxeAa  h  npHBOAa  ABHxeHxeiia.  BHyxpH  pbiaaroB  pacno- 
jioxceHbi  McxaHH'iecKHe  nepeflaan  aah  BpameHna  paMbi  h  ABHxaixejia. 

C  HejIbK)  nOJiyHeHHB  HHiJjOpMaHHH  O  B03M05KH0CXHX  nepeABHacemia 
no  jiyHHOMy  rpynxy  paajnniHbix  xhhob  ABHxaixejieH  3KcnepHMeHXbi  noKa- 
3ajTH,  axo  ryceHM'iHbiH  flBHJKHxejib  npeoAOJieBaex  Ha  sxom  rpynxe  ymioH  30 
rpa/iyCOB  C  K03(J)(J)HHH6HX0M  GyKCOBaHHH  0,1.  KOAeCHblH  ABHXCHXejIb  Moxcex 
npeoAoaeBaxb  yKJTOH  nopapKa  16  rpaAycoB  npH  Koac|)c|)Hn,HeHxe  SyKCOBaHHH 
0,5. 

PaccMoxpeHbi  ABa  BapnaHxa  cxpyKxypHbix  cxeM  MHKpoAyHoxoAa: 

•  aBXOHOMHblH  AyHOXOA; 

•  MHKpojiyuoxoA  c  KaGejibHOH  CBB3bio  c  nocaAOAHbiM  annapaxoM. 


ABTOHOMHOCTb  MHKpojiyHoxoaa  oGecneHHBaeTcn  najiHMMeM  cHCTeMbi 
SHepronmaHHH  ot  cojihchhoh  GaTapeH,  CHCTeMbi  paaHOCBH3H  c  nocaaon- 
hwm  annapaTOM  h  chctcmli  TepMoperyjiHpoBaHiw.  Abtohomhmh  MHKpoay- 
Hoxofl  MoxceT  paGoTaxb  b  TeneHHe  HecKOJibKHX  cyrox  Ha  yaajieHHH  ot  noca- 
aoHHoro  aimapaTa  ao  1  KHJioMeTpa.  MHKpoayHoxoa  c  KaSejibHOH  cbhsbk) 
MoxceT  yaajiBTbCH  ot  nocaaoHHoro  annapaTa  Ha  paccTOHHH e  ao  100  m.  Bo3- 
Moama  noaMOTKa  KaGejur,  asiraceHHe  b  oGpaTiioM  HanpaBjieHHH,  a  3aTeM  Ha 
hobwh  yaacTOK  mccthocth. 

JJjw  ynpaBjTeHHH  aBuxceHHeM  MHKpojiyHoxoaa  n;ejiecooGpa3Ho  ncnojib- 
30BaTb  aea  MeToaa: 

•  aHCTaHKHOHHblH  npOTpaMMHblH  MeTOa  C  aBTOHOMHbIM  aHaamoM 
6e3onacHOCTH  aBHacemra,  ocHOBaHHbiH  Ha  aHaaH3e  Ha  Ha3eMHOM 
nyHKTe  ynpaBjiemiH  TejieBH3HOHHbix  chhmkob  MecTa  paGoTbi,  npo- 
KaaaKH  Mapmpyra  aBHxeHHa,  nepeaann  Mapnipyra  aenxceHEM  Ha 
MHKpOJiyHOXOa  B  BHae  IIOCJieaOBaTejIbHOCTM  y^iaCTKOB  npHMOJIHH6H- 
HOTO  aBHXCeHHH; 

•  aHCTaHHHOHHblH  CTapT- CTOnHblH  MeTOa  ynpaBjTeHHH  TeJieCHHMKOB 
MecTa  paGoTbi,  npOKJiaaKH  oipe3Ka  Mapmpyia  aeHXceHHH,  nepeaann 
HaGopa  KOMaHa  aJia  ero  peajiMiauHH.  IIpH  stom  cncTeMa  ynpaBJie- 
hhh  aonojiHHTejibHO  ocyiaecTBjraeT  KOHTpojib  3a  HcnoaHeHHeM  Ha- 
6opa  KOMaHa  no  aanrejibHocTH  hx  HcnojiHemra. 

OGipan  Macca  MHKpojiyHoxoaa  8,3  kt,  H3  hhx  nojie3Ha«  Harpy3Ka  1,5 
kt.  Macca  BcnoMoraTejibHbix  chctcm  h  arperaTOB  MHKpojiyHoxoaa  Ha  noca- 
aonHOM  annapaTe  cocTaBjiaeT  1,7  kt.  CKOpocTb  nepeaBHXceHHH  70-100  m/m, 
b  maraiomeM  pexcHMe  20  m/c.  SHepronoipeGjieHHe  3-5  Bt. 


MHKpopo6oTH  aaa  op6nxaabHbix  annapaxoB 


rpoMOB  B.B.,  Bopo6beB  A.B.,  MajieHKOB  M.H.,  OeaoceeB  C.B.,  Thtob  T.O. 
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OflHHM  H3  KJIIOHCBbIX  HanpaBJieHHH  pa3BHTIM  SVByniMX  TeXHOJIOrHH 
BBjmeTCH  IIIHpOKOe  H C noil B30 B3.HXI e  MHKpOpo6oXOB.  Iloa  3XHM  TepMHHOM 
noHHMaioTca  ycxpoMCXBa,  HMeioiun©  McUiwe  raSapnxbi,  Maccy,  3Heprono- 
TpeSjieHne,  6ojibiiiyio  CTeneHb  HHxerpannn  h  paGoqne  napaMeTpbi,  o6ecne- 
BMBaioLUHe  BbicoKoe  KanecTBO  BwnojiHHeMbix  xexHoaorHqecKHX  onepaunn. 
Co3flaHHe  H  BHe/ipeHHe  MHKpOpoSoXOB  n03B0JIHT  3HaqHTCJIbHO  yjiyqfflHTb 
xapaKTepncTHKH  ManiHH,  paciiiHpuxb  c<J)epbi  Hcnoab30BaHHfl  poSoxoB  n 
co3aaxb  npHHiiHnHajibHO  HOBbie  xexHoaornH. 

OnbiT  aKcnayaxannn  opSnxajibHbix  cxaimnn  noKasaji,  xito  b  npouecce 
pa6oTbi  Heo6xo#HM  nocxoaHiibin  KOHTpojib  3a  xexxniqecKHM  cocxoaHHeM, 
npoBeaemie  perjiaMeHTHbix  n  peMOHTHbix  pa6oT,  3aMeHa  HencnpaBHbix  ar- 
peraTOB,  mohxbxc  HOBoro  oSopyaoBamia  h  ycxaHOBica  Hayqm>ix  npnGopoB. 
MHorne  H3  nepequcjieHHbix  pa6ox  Moryx  npoBoanxbca  KocMOHaBxaMH  npn 
Bbixo/ie  b  KocMHBecKoe  npocipaHCTBO.  O/maKO  axo  ^obojibho  cjioxcHaa 
npoixeaypa,  CBasaHnaa  c  o6ecneqemieM  >KH3HeaeaxeabH0cxji  KocMOHaBXOB . 
B  CB«3H  c  3XHM  BecbMa  nepcneKXHBHbiM  HBJiaexcH  coaaaHHe  poSoxoB  ,  cno- 
coShbix  nepeflBHraxbcq  no  opSnxaabHOMy  araiapaxy  KaK  no  HapyxcHbiM  no- 
BepXHOCXHM,  xaK  h  BHyxpn  oxceKOB. 

HeoSxoBHMocxb  pa3pa6oxKH  po6oxoxexHnqecKHX  cpeqcxB  juia  pa6oxbi 
Ha  opSnxajibHbix  annapaxax  npno6pexaex  oco6yio  atcxyajibHocxb  b  cbhbh  c 
pa3pa6oxKon  KocMnqecKHX  cxanunn  no  hobwm  MexgayHapoflHMM  npoeKxaM. 

O/ihhm  H3  onpeflejnoomnx  ycjioBHH  pa6oxw  Ha  opSHxajibHbix  annapa¬ 
xax  HBjraexcn  noqrn  nojraaq  HeBecoMocxb.  Chjibi  rpaBuxamioHHoro  B3aHM0- 
qencxBHH  Mexcay  opSuTajibHon  cxaHnneM  h  poSoxoM  BecbMa  Majiw  h  neao- 
cxaxoqnbi  aaa  o6ecneqeHxra  nepeaBHXteHna  3a  cqex  chji  rpaBHxan,HH. 

C  HapyxcHon  noBepxnocxn  opSnxajibHbix  annapaxoB  cymecxByex  Baxy- 
yM,  BejinqnHa  Koxoporo  Moxcex  M3MeHaxbca  b  3HaqnxeabHbix  npeaenax  b 
3aBHCHMOcxH  ox  ra30BbiaeaeHHfl  HapyxcHbix  noBepXHoexen  n  oxqejibHbix  ar- 
peraxoBi 

Bnyipn  opSnxajibHbix  annapaxoB  xanMaxnqecxiie  ycjioBna  Moryx  coox- 
BexcxBOBaxb  ycaoBiWM  oSnxanwi  KocMOHaBXOB.  B  paa©  oxcexoB  Moxcex 
6bixb  BaxyyMHaa  cpeaa.  ,0,aa  Ha6aioa©HHa  3a  noBepxHocxbio  h  oxpyxcaioineM 
cpeaon  Moxcex  noxpe6oBaxbca  aonoaHnxeabHaa  noacBcxxa. 

Op6HxajTbHbie  annapaxbi  npeacxaBaaiox  caoxcHyio  KOHCxpyKH mk> .  Oa- 
Haxo  moxcho  Bbiaeanxb  HccKoabKO  HanGoaee  xnnnqHbix  noBepxHocxen,  co~ 
qexaHHe  xoxopbix  no3Boaaex  c^opMyanpoBaxb  xpeSoBamia  k  cncxeMaM  ne- 
peaBHaceHHa. 

JIjiz  oSecneqeHHH  nponecca  nepeaBiDKeHna  3a  cqex  BsanMoaenoiBnq  c 
onopHOH  noBepXHOcxbio  Heo6xoanMO  Haanqne  cna  BaaHMoaencxBHq  c  no- 


BepXHocTLio.  BejiEWHHa  3THX  chji  flOjiJKHa  6biTb  flocxaTOHHOH  flJin  npeojio- 
jieHHH  chji  peaKHHH  ot  TexHOjioi’HxiecKoro  oSopyuoBaHHa,  KOMneHcaiiHH 
yCHJlHH,  B03HHKai0IHPIX  IIpH  B03/ieHCTBHH  B03Mymai0]tU;HX  (jjaKTOpOB  CO  CTO- 
poHbi  opSMTajiBHoro  annapaTa. 

Hcxojxa  H3  cneiiH(J)HKH  ycjioBHH  paSoTH  h  cbohctb  noBepxHOdeH  op- 
6HTcun>Hbix  annapaTOB  moxcho  paccMaTpHBaTb  cji cayio mne  cnoco6bi  nepe- 
HBHXCeHIM: 

•  nyreM  MexaHHH  e  c  Koro  aaxBaTa  3a  BbicTynaiomHe  ajieMCHTbi 
(nopynHH,  ajieMeHTbi  KOHCTpyKHHH); 

•  nyreM  MexaHirrecKoro  KperuieHHH  k  Teruio3ani,HTHbiM  noKpbnrwM ; 

•  nyreM  coxxaiinji  chji  npHTiraceHHH  k  noBepxHOCTH  3a  cner  aaeicrpo- 
CTaTHH e CKHX  CHJI  B3aHMOJieHCTBHB. 

nepejiBHJKeHHe  3a  cneT  MexammecKoro  3axBaTa  3a  BbicTynaiomHe 
3JicMeHTbi  b  KaKOH-TO  Mepe  oTpaxcaeT  cnocoGbi  nepepBHXceHHH  KOCMOHaB- 
tob  npn  pa6oTe  b  otkpwtom  KocMoce.  B  HacToamee  BpeMH  3to  no  cymecTBy 
ochobhoh  cnoco6  nepe^BiraceHHH.  Cyrb  sroro  cnoco6a  coctoht  b  nocjieao- 
BaTejibHOM  nepexeare  pyicaMH  nopyiHen.  ripHMeHHTejibHO  k  nepenBHXceiiHio 
po6oTOB  3ajiana  coctoht  b  yronHeHHH  ycjioBHH  n e p ep Bioce  hhh  h  pa3pa6oT- 
Ke  3KcnepHMeHTajibHbix  MaKeTOB  juia  oTpa6oTKH  MeTonoB  ynpaBjieHMH  h 
OTpaSoTKH  TeXHOJIOTHH  HX  HCIIOJI  b’lOBai  IHH . 

IlepeflBHXceHHe  nyreM  MexaHimecKoro  KpcnjiciiHa  k  Tenjio3amHTHbiM 
noKpbiTHHM  (3BTH)  nosBOjiaer  oGecnenHTb  coapaHHe  chji  B3aHMOneHCTBM5i 
3a  cneT  cneruieHHii  c  noMouibio  cnenHajibHbix  3anenoB  c  hhthmh  BepxHero 
noKpoBa.  <PopMa  3anenoB,  hx  pa3Mepbi  h  TpaeKTOpna  jiBiDKemia  no3BOjiHK)T 
o6ecne'THTb  cneitrieHHe  c  hhthmh  6e3  hx  oSpbiBa  h  noBpejKpeHMa  Hiracepac- 
nojioxceHHbix  cjioeB  3BTM.  BejiHHHHa  chji  B3aH\iojicHCTBHa  onpejiejiaeTca 
npOBHOCTblO  BOJIOKOH  H  MOJKeT  COCTaBJIHTb  flOJTH  HJIH  eflHHHIIbl  HblOTOHa. 

Cyrb  cnoco6a  nepejjBHXceHHB  nyreM  co3flaHHH  chji  npHTflxeHira  k  no- 
BepXHOCTH  3a  eneT  SJieKTpOCTaWieCKHX  CHJI  BiaHMOJieHCTBHH  COCTOHT  B 
co3jiaHHH  Mexgxy  pa3ireceHHbiMH  onopaMH  sjieKTpirrecKoro  noTcimHaaa. 
Onopw  HMeioT  sjieKTpHHecKyio  h30jmii;hio,  Hcunoraioinyio  B03MoxcHOCTb 
npBMoro  KOHTaKTa  c  onopHoii  noBepxHOCTbio.  B  3tom  cjiynae  onopbi  h  Me- 
TajuiHMccKHe  cjioH  onopnoH  noBepxHOCTH  o6pa3yioT  jiBe  oSmiajiKH  sjieK- 
TpERecKoro  KOHjicHcaropa,  MOKjiy  KOTOpbiMH  oSpaayeTCH  sjieKTpocTaTinie- 
CKOe  nojie,  3TO  II  npHBOJIHT  K  B03HHKH0BeHHI0  CHI  B3aHMHOTO  npHTflace- 
hhm.  HeoSxojiHMo  oSecnenHTb  o/jh OBp  e  Me  hhbih  KOHTaKT  He  MeHee  jiByx 
onop.  B  stom  cjtynae  sjieKTpunecKoe  HanpJDKeHHe  nopBopHTca  TOjibKo  k 
H30JIHp0BaHHbIM  OnopaM,  KOTOpbie  HBJIHIOTC5I  B  3TOM  CJiyiae  CHCTeMOH  H3 
jiByx  nociieiioBarejibHo  coejiHHeHHbix  KOHjieHcaTOpoB.  npenBapHTejibHbie 
pacneTbi  noKa3ajin,  hto  cnjia  npHraateHHH  k  noBepxHOCTH ,  noKpbiTOH 
3BTH,  MOJKeT  COCTaBJIHTb  HeCKOJIbKO  HblOTOHOB. 

MHKpopo6oTbi  HJifl  op6HTajibHbix  annapaTOB  npejinojiaraioT  cjienyio- 
mne  ocHOBHbie  cnoco6bi  hx  Hcnojib30BaiiH«. 

1.  H cnojib30BaHiie  MHKpopoGoTOB  Ha  opSHTajibHOM  annapare  c  nejibio 
o6cjiep,oBaHHH  TexHHH ecKoro  coctohhhh  chctcm  h  kohtpojih  3a  paGoron 
o6opyzioBaHHB  (oSaopiibie  MHKpopoSoTbi). 

2.  npoBejieHHe  rexHHHecKoro  o6cjiy>KHBaHHa  h  peMOHTHO- 
bo ccTaHOBHTejibHbix  pa6oT  cHCTeM  h  oSopynoBaHHH  (TexHOJioranecKHe 


MHKpO-  H  MHHHpoSoXbl). 

3.  BbinojiHeime  cneHHajiH3HpOBaHHbix  pa6oT  no  MOHxaxy  obopyaoBa- 
him  n  ycTaHOBKe  Hay'inwx  npnOopoB  (cnennajiH3HpoBaHHbie  po6oxbi). 

Ha  ocHOBe  sxhx  cnoco6oB  Hcnojib30BaHHfl  moxho,  b  nepBOM  npn6jra- 
xceHHH,  caeaaxb  KJiaccHcjiMKaHMio  MHKpopoSoxoB.  Caeayex  noHHMaTb  HeKo- 
TOpyiO  yCJIOBHOCTb  TBKOH  KJiaCCH(|>HKaHHH.  OflHaKO  3X0  MOXeX  6bITb  nojie3- 
HbiM  npn  njiairapoBaHKH  KOHCTpyicropcKHX  h  HccjieaoBaxejibCKHX  pa6oT  no 
pa3pa6oTKe  n  coBepmeHcxBOBaHHio  MHKpopoOoxoB. 

jih  oiteHKH  npoeKTHbix  xapaicrepncTHK  Ghuia  caejiaHa  npopaOoxKa 
MHKpopo6oTa  JSJISL  o6ca e/ioBa h hh  xexHHHecKoro  coctohiihb  chctcm  n  koh- 
xpojia  3a  paOoxon  oOopynoBariHH. 

MHKpOpo6oT  COCXOHX  H3  flByX  CeKLJMM,  HMeK>mHX  UiapHHpHyK)  CB«3b 
flpyr  c  apyroM.  C  flpyron  cTopoHbi  Ha  KaxaoH  ceKHHH  ycTaHOBJieH  flByx- 
3BeHHbiH  pbwaxcHbffl  MexaHH3M,  KOTOpbin  3aKairiHBaeTca  noBopoTHbiM 
ynpaBjiaeMbiM  cxBaTOM.  Pa3BOpoT  Kaxaoro  3BeHa  pbiaaxHoro  MexaHH3Ma  n 
cxBaxa  ocymecxBJwexca  aaeKXponpHBoaaMH,  pa3MemeHHWMM  BHyrpn  ceK- 
HHH.  npHBO^bl  nw  B3aHMHOrO  pa3BOpOTa  H  nOBOpOTa  BOKpyr  UiapHHpHOH 
CB5I3H  xatoxe  pacnojioxceHbi  BHyrpH  ceKHHH.  B  Kopnycax  ceKHHH  pa3Meme- 
hm  cncTeMbi  ynpaBjieHUR,  3H epronHxaHHH ,  xepMoperyanpoBairaa.  Ha  6oko- 
bmx  cTopoHax  ceKHHH  ycTaHOBJieHbi  TejieKaMepw.  Ha  Bepxroix  n  hhxhhx 
cTopoHax  ceKHHH  Moxex  6biTb  ycTaHOBjieHo  HonojiHHTejibHoe  oOopyaoBa- 
HHe.  B  ohhoh  H3  ceKHHH  Moxex  6biTb  pacnoaoxeHa  KaTyinKa  c  Ka6ejieM 
HJia  CBH3H  c  nocTOM  ynpaBaeHHH. 

riepezLBHxeHHe  MHKpopoSoxa  ocyiHecxBaaexca  nyreM  nepexBaTa  3a  Bbi- 
cxynaioiHHc  aaeMeHXbi  Ha  noBepxHOCTH  op6HxaabHOH  cxaHHHH.  Rm  aioro 
npn  3aKpenjieHHOM  nepBOM  cxBaTe  npoH3BoaHxca  pa3HBHxeHHe  pbiaaxHbix 
CHCTeM  h  3aKpemieHHe  BTOporo  cxBaTa.  nocjre  axoro  nepBMH  cxBax  ocbo- 
Soxaaexca  h  npoHaBoanxca  c6.moceHHe  pbiaaxHbix  chctcm  h  3aKpenaeiiHe 
nepBoro  cxBaTa.  ftan  H3MeHenn«  HanpaBJieHHa  ABHxeHHH  npOH3BonHxca 
HonojiHHTejibHbin  pa3B0p0T  3a4>HKCHpoBaHHoro  cxBaxa,  a  xaicxe  noBopoT 
ceKHHH  BOKpyr  mapHHpHOH  och.  npH  3aKperuieHHOM  cxBaTe  bo3moxho  ne- 
peMemeHHe  ceKHHH  c  xeaeKaMepaMH  mix  aexajibHoro  o630pa  oOcaeayeMoro 
ynacTKa  noBepxHOCTH  opSHxajibHoro  annapaTa. 

TexHM'iecKne  xapaKTepHCTHKH  o630pHoro  MHKpopoSoxa:  Macca  8,5  kt, 
raSapHXbi  700x1500100  mm,  noTpebaaeMaa  MomHocxb  5  Bx,  paanyc  /ten- 
cxbhb  (no  3anacy  Ka6caa)  40  m,  cKopocxb  nepeaBHxeHHH  1  cM/ceK. 
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We  study  the  process  of  flowing  round  a  solid  body  by  the  plasma  stream  whose  velocity  is 
up  to  100  km/s.  Such  velocity  values  are  comparable  with  dust  velocities  in  the  Sun’s  vicinity. 

An  impulse  powerful  plasma  gun  [l]  generates  the  hydrogen  or  nitrogen  plasma  streams  with 
the  density  of  the  order  of  TO15  cm'3.  The  cases  of  the  graphite,  tungsten  and  aluminium  solid  bodies  are 
investigated.  Surface  temperature  variations  are  measured  by  the  infrared  pyrometer  with  high  temporal 
resolution  [1]  whereas  photoemulsions  and  a  scintillator-photomultiplier  device  are  used  for  space- 
temporal  X-ray  measurements. 

The  body  surface  is  eroded  under  the  influence  of  the  powerful  plasma  stream.  This  results 
in  arising  of  aerosoles.  We  consider  these  aerosoles  to  be  an  indicator  of  the  dusty  plasma  flows  near 
the  target.  Hence,  we  can  use  high-speed  electronooptical  converter  photography  together  with  the 
original  traps  of  the  dust  to  study  the  space-temporal  distribution  of  the  plasma  and  the  dust  particles. 

The  experiments  show  the  next. 

Two  (bow  and  inner)  shock  waves  are  formed  as  a  result  of  the  explosive  erosion  of  the 
material  surface. 

The  inner  shock  wave  front  is  adjacent  to  the  surface  and  divided  from  it  by  the  layer  of 
dusty  plasma  moving  along  the  surface  and  containing  up  to  1  mkm  dimensions  particles  of  the  surface 
material. 

Even  the  target  surface  normal  to  the  primary  plasma  stream  being  plane,  the  thickness  of 
this  layer  varies  along  the  surface.  The  layer  of  the  dusty  plasma  falls  down  to  a  value  less  then  I  mm 
near  the  edge  of  the  target  surface  exposed  to  the  plasma  stream,  being  markedly  thicker  in  the  centre. 

We  observe  the  impulse  30-40  keV  X-ray  generation  from  the  surface  just  before  the  arrival 
of  the  dense  plasma  from  the  gun. 
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IIpeflaoaceHa  KOHCTpyKnna  npeo6pa30BaTeji«  TexuoreHHbix  h  mhkpo- 
MeTeopoH/iHbix  nacTim  Ha  ocHOBe  ruieHOHHOH  M^M-cTpyKTypbi  b  BH^e 
ccfrepw.  Pa3pa6oTaHa  MaTeMarcraecKaa  Moaejib  npeo6pa30BaT6jia,  HaynHaa  h 
oScjiyxoiBaiomaa  aimapaTypa,  npeflJioxceHa  h  pa3pa6oTaHa  cncTeMa  opueH- 
TapHH  npeo6pa30BaTejia  b  nponecce  ero  cj>yHKnHOHHpoBaHHa  Ha  op6nTe, 
HcnojTb3ytoinaa  HaayBHbie  umaHryxbi,  BbinojironomHe  pojib  paMOK  c  npo- 
TeaiomHM  no  hhm  tokom,  a  b  KanecxBe  HyBCTBHTejibHoro  k  MaranxHOMy 
nojiio  3eMJiH  -  cjjeppoaoHflOBbffl  aaT'iHK.  FlpoBeaeH  a.HajiH3  aHHaMHKH  npo- 
peccoB  opHeHTHpoBaHHa  npeo6pa30BaTejiH  no  MaraHTHOMy  nojiio  3eMJin. 

HccjiepoBaHbi  npopeccw  flHHaMHKH  nojieTa  ripeoSpasoBaTejiH  -  cnyr- 
HHKa  B  aBTOHOMHOM  peJKHMe  (JjyHKnHOHHpOBaHHa  C  yHeTOM  B03M05KH0CTH 
npneMa-nepepann  HH^opMaprai  na  3eMJiio.  OScywiaioTca  pacneTHbie  xa- 
paiaepncTHKH  npeo6pa30BaTCJia,  ero  npeHMymecTBa  n  ne^ocTaxicn,  a  Taioxe 
B03M0XH0CTb  Hcnojib3GBaHHH  juih  pemeHHH  apyrax  HaynHbix  3apan. 
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